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Trlangulenium- fluorescent ctyos and polymers comprising such dyes 

All patent and non-patent references cited below are hereby incorporated herein. 

5 

Technical refold pf the Invention 

The present Invention Is In the field of fluorescent dyes comprising a triangulona 
structure in the fbnn of a ring system of sbc. sbcnmembered rings fused in a triangular 
10 fashion. The dyes are useful for visualisation of ciiemlcai compounds including 
polymer matrices for e.g. chrumatograpiiic separation and isolation of desirable 
chemical moieties, and for chemical library synthesis. 

Background of the Invention 

16 

The tenn trfangulene is the trivial name for the rather large and diverse class of 
compounds ctiaracterized by a ring system of six, slx-membered rings fused in a 
triangular fashion. The triangulenes can be n^anJed as build up by fusion of six 
rvigs or as triphenyl methane bridged in all ortho posltbns. In systematic naming. the 
20 ring system a dibenzopyreno comprising a eat^mlc moiety. 

Only a levy triangulenlum salts have been reported in the literature. The compounds 
are reported to be stable carbenium ions. One example of a trianguJenium com- 
pound Is 4,8.12'trioxaM4.8.12.12c-tetrahydrodtbenzoIcd,mn]pyrenium (B, W. Laur- 
25 sen. F. c. Krebs, M. F. Nielsen, K. Bechgaard, J. B. Christensen, M Harnil, 

JAm.Chem.Soc. 1998, 120 12255*12263; Laursen. B. W., University of Copenha- 
gen^se National Laboratory. ISBN 87-^50-2897-7. 2001; 
http://MAMv.risoe.d)c/rispubl/POIJpo]pdf/ris-r-1275.^ 



30 Triangulenlum dyes carrying dialkylamino groups in positions 2,6, and 10 have re- 
cently been disclosed (Laursen, ibid). Such compounds are different from triangu- 
lenlum compounds without electron donating substituents located In the para- 
positR^n (i.e. positions 2, 6 and 10). The lowest electroniclran&itSon Is characterised 
by a fully allowed charge transfer transition. The transition promotes a transfer of the 
. ^,35 electron density from the donating amino groups towards the catlohi'c center. 
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The sharp, loviwiergy absorption bands in the visible region display extincflon coef- 
ficients above 1 X 10» (wW are weV separated form UV transitions. 

5 Summary of the Invention 

In one aspect of the invention, the dyes are substituted trianguienium dyes, de- 
scribed by the g«ne>«l etmeture m Figure 1. 1„ which otleost one of the lunctional 
gnjups allows the dye to be covalentiy^ttached to other molecules or partides. 
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This type of dye display intense absorptions in visible region and fluoresces with 
high quantum efficiency. 

The fluorescent dye compounds according Id the invention are stable towartis acid, 
base, reductive conditions, oxidalive conditions. Accordingly, the dye compounds 
can be used as fluorophores (labelsAags} in assays operated under haish chemical 
oonditions. 

The flexible synthesis schemes allow incorporation of one or more substituents op- 
tionally comprising a reactive group. At least one substituent comprising a reactive 
group is incorporated. 

The tenn 'reactive group" as used herein Is a chemical group prel^bly seteded 
from (he group consisting of hydroxy, primary amine, secondaiy amine, carboxy. 
add chloride, sulfonyl cWoiide, sulphonate, nitro. cyano. isothiocyanate. halogen. 
Phosphonyl. sulphonyl, suifiamyl. carbonyl. andJhiolyl. vinyl, acrylate, methaeryiate. 
aciylamlde. methyl oxelhane^ ethyl oxethane. and ethylene oxide. 

The presence of two or more diiferent reactive groups maizes it possible for the dye 
compound to act simultaneously as a dye and as a iinlter capable of linidng the dye 
compound to e.g. a beaded polymer or a biomotecule. 
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Definitions 

The term 'hydridQ" denotes a single hydroigen atom (H). This hydrfdo radical may be 
5 attached, for example, to an oxygen atom to form d hydroxy! radical or two hydrido 
radicals may be attached to a carbon atom to form a methylene (-CH2 -) radical. 

Where the term "alkyi" is used, ftilhfir ninne or wiihfn other temiB such as "haloalkyi" 
and "aJjcylsuIfonyl". it embraces linear or branched radicals having one to about 

10 twenty carbon atoms or. preferably, one to about twelve cartoon atoms. Preferred 
alkyl radicals are "tower akyi" radicals having one to about ten carbon atoms. Also 
prefen^d are -lower alkyl" radicals having one to about six carbon atoms. Examples 
of such radicals include methyl, ethyl, n-propyl. Isopropyl. n-butyl, Isobutyl, seo-butyl. 
tert-butyl. pentyJ. Iso-amyl. hejQrt and the like. When substituted, the "alkyr or lower 

15 alkyl" cen comprise one or more radicals selected from the group of radicals con- 
sisting of hydroxy, primary amine, carboxy. acid chloride, sulfonyl chtoride, sulpho- 
nate. nitro, cyano, Isothlocyanate, halogen, phosphonyl, sulphonyl sutemyl, car- 
bonyJ, and thtolyl. 

20 The term "alkenyr embraces linear or branched radicals having at least one carbon- 
carbon double bond of two to about twenty carbon atoms, such as from twvo to about 
twelve carbon atoms. tor«cample ftom two to about eight carbon atoms. Preferred 
alkyl radicals are "tower alkenyl" radteals having two to about six carbon atoms. Ex- 
amples of such radicals include ethonyl, n-propenyl, butenyl, and the lite. When 

25 substituted, the "alkenyf or "lower alkenyf" can comprise one or mare radicals se- 
lected from the group of radicals consisting of hydroxy, primary amine, carboxy, acid 
chterWer suffonyl chloride, sulphonate, nitro. cyano, isothlocyanate. halogen, 
phosphonyl, sulphonyip suHamyl, cerbonyl, and thfolyi. 

30 The term "halo" means hatogens such as fluorine, chlorine, bromine or Iodine at- 
oms. The term "haioaikyP embraoes radicals wherein any one or more of the alkyl 
carbon atoms is substituted with halo as defined above. Specincaliy embraced are 
monohaioalkyl. dihaloalkyl and polyhaloalkyi radicals. A monohaloalkyi radical, for 
one example, may have either an iodo. bromo, cWoro or fluort) atom wWiln the radi- 

35 . caL Dihato and polyhaloalkyi radicals may have two or more of the same halo atoms 
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or a comblnaUon of different halo radicals. "Lower haloalkyi" preferably embraces 
»adlcal8 having 1-8 carbon atoms. Examples of haloalkyi radicals Include nuo- 
romethyl, dtfiuoremethyl. trifluoromethyl, chloromBthyl. dichloromethyl. trichlo- 
lomethyl. Irichloroinethyl.pentafluore»athyl, heptafluoropropyl. difluorochloi«methyl, 
5 dtehlorofluoromelhyl. dHluoroethyi. dtfluoropropyl. dIchlarDettiyl and dichiorppropyl. 
The -haloalkyi" or lower haloalkyi" can optionally be ftirther substituted. When fur- 
ther substituted, the "haloaikyp or 'lower haloalkyr can further comprise one or more 
rartlfMis .^elected from the group of radicals consisting of hydroxy, primary amino. 
carbtMcy. add chloride, sulfonyl chloride, sulphonate, nitro. cyano, isothiocyanate, 
10 phosphonyl. su^horvl, suTfamyl. carbonyl, and tbfoiyi. 

The term "hydroxyalkyr embraces Onear or branched alKyl radicals having ftom one 
to about ten carbon atoms any one of which may be subsbtuted with one or more 
hydroxy! radicals. Hydroxyalkyi radicals can be "lower hydrexyalkyi" radicals pref- 

16 erably having one to six carbon atoms and one or more hydrDxyl radicals. Examples 
of such radicals include hydroxymefhyl. hydroxyethyl, hydrwcypropyl, hydroxybutyl 
and hydroxyhexyl. The "hydroxyalkyr or lower hydroxyallcyl" can optionally be fur- 
ther substituted. When further subsHtuled, the TiydroxyalkyP or Tower hydroxyalkyT 
can further comprise one or more radicals selected from the group of radicals con- 

20 sisting of primary amine, carboxy. acid chloride, suifonyl cWoride. sulphonate. nItro. 
<^no. isotl^'ocyanate. halogen, phosphonyl, sulphonyl, sulfamyl, carbonyl. and 
fhioiyi. 

The terms "alkoxy- and "alkoxyalkyi" embrace linear or branched oxy-containing 
26 radicals each having alk^yl portions of one to about ten carbon atoms, such as meth- 
oxy radical. Alkoxy radicals can be "lower alkoxy- radicals having one to six carbon 
atoms. Examples of such radteals include methoxy. ethoxy. propoxy. buto)^ and 
tert-butoxy. The term "alkoxyalkyi" also embraces alkyl radicate having two or man 
alkoxy radicals attached to the alkyl radteal. that is. to form monoalKoxyalkyI and 
dialkoxyaikyi radicals. Alkoxyalkyi radicals can be "lower alkoxyalkyi" radicals having 
one to six carbon atoms and one or two alkoxy radicate. Examples of such radicals 
include methoxymethyl. methoxyethyl. ethoxyethyl. methoxybutyl and metoxypropyi. 
The alkyl In said -alkoxyalkyi" can be substituted with one or more of hydroxy, pri- 
rhary amine, carboxy. add chtoride. sulfonyl ehlorida. sulphonate, nitro. cyano. iso- 
thlocyanate, hatogen, phosphonyl. sulphonyl, sulfamyl. carbonyl. and thiolyl. When 



30 



35 
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e.g. the above "alkoxyP or •*alkoxyalkyP radicals ai^ substituted wrfth one or more 
halo atoms, such as fluora. chloro or bromo* "halDalkoxy* or ■haloalkoxyaikyr radi- 
cals are provided. Examples of such radicals include fluoromethoxy, chloromethoxy. 
trifluoromethoxy. trffluoroethoxy, fluoroethoxy and fluoropropoxy. 

The term "aryl", alone or In combination, means a carbocycilc aromatic system 
containing one» two or three rings wherein such rings may be attached together in a 
pendent manner or may bo fused. When cubctitutcd, "aryT con comprise onp or 
more radicate selected from the group of radicals consisting of hydroxy, primary 
amine, carboxy. add chtoride, sulfonyl chloride, sulphonate, nttio, cyano. Isothlo- 
cyanate, halogen, phosphonyi, sulphonyl. suHamyl, carbonyt* and thiolyl. Examples 
of "aryl" include aromatic radicals such as phenyl, pentafluorpheriyl, naphthyl, tetra- 
hydronaphthyl, Indane and biphenyl. 



The term -heterocyclic" embraces saturated. parBaily saturated and unsaturated 
heteroatom-containing ring-shaped radicals, whera the heteroatoma may be se- 
lected ftom nitrogen, sulfur and oxygen. When substituted. *^eterocycliff can com- 
prise one or more radicals selected from tlhe group of radicals consisfing of hydroxy, 
primary amine, carboxy, add chloride, sulfonyl chloride, sulphonate, nltro, c^ano. 
Isothlocyanate, halogen, phosphonyi, sulphonyl, suifamyl, caihonyl, and thiolyl. Ex- 
amples of saturated heteroc^lic radicals include e.g. saturated 3 to 6-membered 
heteramonooytic group containing 1 io 4 nitrogen atoms [e.g. pymolidinyl. Imldaaoli- 
dinyl. pfperidlno. piperazinyl, eta]; saturated 3 to 8-memben3d heteromonocydic 
group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms [eg. morphoHnyl, 
etc.]; saturated 3 to 6-memberod heteromonocydic group cxintainlng 1 to 2 sulfur 
atoms and 1 to 3 nitrogen atoms [e.g. Ihlazolidlnyl, etaj. Examples of partially satu- 
rated heterocycnc radicals include dihydrothlophene, dihydropyran, dihydrofuran and 
dihydrothiazole. 



The iBtm "heteroaryl" embraces unsatureted heterojcycHc radicals. When substi- 
tuted, "heteroaryl" can comprise one or more radicals selected fn?m the group of 
radicals consisting of hydroxy, primary amine, secondary amine, carboxy, acid chlo- 
ride. suHbnyl chloride, sulphonate, nltro, cyano, isothiot^nate, halogen, 
phosphonyi, sulphonyl, sulfamyi, carbonyl, and thiolyl. Examples of unsaturated het- 
erocyclic radicals, also termed "heteroaryT radicals, include e.g. unsaturated 5 to 6 
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membered heteromonocycllc group containing i to 4 nHnjgen atoms, tbr example, 
pyirolyl, pyrroiinyl. imidazolyl, pyra2olyl 2-pyridyl. 3-pyridyl, 4-pyridyl. pyrbnldyt. py- 
lazlnyl. pyridazJnyJ. triazolyl te.g., 4H-1.2.4-tria20lyl. lH-l.2.3-trIazolyl. 2H-1,2.3- 
trlazolyl, etaj tetrazolyl [ag. IH-tetrazolyl, 2H-telraro]yl, eta], etc.; unsaturated con- 
6 densed heterocycOc group containing 1 to 5 nitrogen atoms, for example. Indolyl. 
isolndolyl, indolizinyl. tMnzfmidazolyi. quinolyl, isoquinolyi. indazdyl, benzotrfazoiyl. 
tetrazolopyrldazinyl [e.g.. tetrazolo [1.5*]pyrida2inyi. etaJ. etc; unsaturated 3 to 6- 
membered tieleromonocycllc group containing an oxygen atom, for example, py- 
ranyl. 2-furyl. 34uryl, etc.; unsaturated 5 to 6-membered heteromonocycllc group 
10 containing a suifur atom, for example. 2^hienyi, 3-thienyl. etc; unsaturated 5- to 6- 
membeied heteromonocyoiic group confining 1 to 2 o)ygen atoms and 1 to 3 nitro- 
gen atoms, for example, cacaaoiyi, teoxazolyl, oxadrazoiyi [ag.. 1.2.4-Qxadia«ilyl, 
1.3,4-oxadlazolyl, 1,2,5-oxadia20iyf. etaJ etc.; unsaturated condensed h^erocydic 
group containing i to 2 oxygen atoms and 1 to 3 nitrogen atoms [ag. benzoxazolyl, 
15 benzoxadiazolyl. etc.]; unsaturated 5 to e-membered heteromonocyclic group con- 
taining 1 to 2 suifur atoms and 1 to 3 nitrogen atoms, for example, thiazoiyl. ttiiadl- 
azolyl fe-g.. 1,2.4-thIadia2olyl, 1,3.4-thIadiazoiyi. 1.2.5-thiadiazolyl. etc] etc.; unsatu- 
rated condensed lieteiocyclic group contairring 1 to 2 sulfur atoms and 1 to 3 nitro- 
gen atoms Io.g.. bonEothlazolyi. benzothiadfazolyl, etc.] and the Bl«a The term "hetr 
20 eroaryr or "unsaturated hetenxydic ladical" also embraces radicals where hetero- 
qrclic radicals are fused with aiyl radicals. Examples of such fused bicyclio radicals 
Indude benzofunan. benzothiophene, and the Said "heterocydio group" can be 
substituted with one or more radicals selected from the group of radicals con^tbig 
of hydroxy, primary amine, carboxy. add chloride. SuifonyJ chloride, sulphonate, 
25 nhro, q^no, isothiocyanate. halogen, phosphonyi. sulphonyl, sulfamyl. carbonyl. 

and Ihlolyl. said substitution generating a subsfftuted "heteroaryl", optionally a sub- 
stituted "heteroaryl" fused with an 'aryT radical which can be substituted or un- 
eubstituted. When substftuiad. the "aryT is substituted as described herein above. 
Pruned heterocyclic radicals Indude five to ten membeied fused or unlbsed ladl- 
30 cals. More preferred examples or heteioaiyl radicals include benzofuryl. 2,3- 

dlhydrobenzofbryi. benzotrienyl. Indolyl. dihydroindolyl. chromanyl. benzopyran. thi- 
ochromanyi. benzothiopyran, benzodloxolyl, benzodioxanyl. pyridyi. thienyi. Ihl- 
azolyl. oxazoiyi, furyl, and pyrazinyi. 
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The term "sulfonyl". whether used alone or linked to other terms such as aDcyteuHb- 
nyl. denotes respectively divalent radicals -SOa-. 

"AlKylsulfbnyl" embraces alkyi radicate attached to a sulfonyl radical, where aikyi can 
be substituted is defined as above. Atl^Isulfonyl radicals can be Tower alkyisulfonyr 
radicals having one to sbc carbon atoms. Examples of slkIi tower allcylsuHbnyl radi- 
cals include methylsuifbnyl. ethylsulfonyt and propylsulfbnyl. 

The term "atylsuifonyl" embraces aiyl ratficals as defined above. Including substi- 
tuted aiyi radicals, attached to a sulfonyl radical. Examples of such radicals Inckide 
phenylsuifonyl. 



The temis "sulfamyl." "aminosuifonyl" and •^ulftinamidyl." whether alone or used 
with terms such as "N-alkylamfnosulfbnyl". "N-arylaminosulfonyr, "N,N- 
dialkylaminosulfonyl" and "N-alkyl-N^rylamlnosuMbnyi". denotes a sulfonyl radical 
substituted with an amine radical, fbiming a sulfonamide (;^02NH2). 

The terms "IM-alkylammosulfonyP and "N.I\Miali^aminosuifony|- denote suHamyf 
radicals substituted respectively. wiOi one alkyi radical, or two atkyi radicals, optfon- 
ally substituted afkyl radicals as described herein above. Akylaminosulfonyl radicals 
can be "lower aikylaminosulfonyl" radicals having one to six carbon atoms. Exam- 
ples of such tower alfcyiaminosuKbnyl radicals indude N-methylamlnosuKonyl, N- 
ethylaminosulfonyl and N-melhyM^^ethylamlnosuHbnyL 

The tenns 'N-arylaminosulfonyl- and "N-alkyl-N-aiylaminosulfonyr denote sulf^yl 
radicals substituted, respectively, with one aiyf radical, or one alkyi and one aiyl 
radical. optionaUy substituted aryl and/or alkyi radicals as descnbed herein above. 
N-alkyl-N-aryiaminosuironyl radicals can be lower N-alkyl-N-aiyisutfonyl" radteals 
having aikyl radicals of one to sb carbon atome. Examples of such lower N-^ikyl-N- 
aryl aminosuifonyl radicals include l^-methyt-phenylaminosulfanyl and N-cthyl- 
phenylaminosulfonyl. 



The ternis "cartjox/' or "carboxyr, whether used alone or with other temis, such 
"carboxyalkyl". denotes -CO2H. 
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The term "carboxyalkyr or "alkanoyf embracsea radicals having a carboxy radical as 
deffned above, attached to an alKyl radical as described herein above. When sub- 
stituted, the "all^l" or ^ower alkyl" can comprise one or more radicals selected from 
the group of radicals consisting of hydroxy, primary amine, cartraxy, add chloride, 
5 sulfonyl chloride, sulphonate, nltro, cyano, isothiocyanate, halogen, phosphonyl. 
sulphonyl, sulfamyl, carbonyl. and thiolyl. Examples of "carfaoxyalkyl" ladicals In- 
clude fomiyf. acetyl. proplonyT (propanoyl), butanoyi (bufyryl), IsobutanoyI (isobuty- 
lyl), v«lAiyl (pisintanoyt), isoval«ryl, pivaloyi, hexanoy] or the like. 

10 The term "carbonyP, whether used alone or vwth other terms, such as "alkylcar- 
bonyr, denotes -(C=0)-. 

The temi "alkylcarbonyP embraces radicals having a carbonyl radical substituted 
with an aikyi radical. Alkylcarbonyl radicals can be "lower alkylcarbonyl" radicals 

15 tiavlng from one to six carbon atoms. Examples of such radicals Include methylcar- 
bonyl and ethylcarbonyl. When substituted, the "alkyl' or ''lower alkyj" of the "alkyl- 
carbonyr can comprise one or more radicals selected from the group of radicals 
consisting of hydroxy, primary amine, carboxy, acid chlortde, sutfonyl chlortde, sul- 
phonate, nftro, cyano, Isothiocyanate. halogen, phosphonyl, sulphonyl* sulfonriyl. and 

20 thiolyl. 

The term "ialkylcarbonylaJkyr'. denotes an aikyf radical substituted with an "alkylcar- 
bonyl" radical as described herein above. Both the alKyl and the alkylcarbonyl can 
be substituted as described herein above. 

25 

The term "aikoxycarbonyr means a radical containing an elkoxy radical, as defined 
above, attached via an oxygen atom to a carbonyl radical. "Lower alkoxycarbonyf ' 
errtbraces alkoxy radicals preferably having from one to six carbon atoms. Examples 
of "lower alkos^carbonyf ester radicals Include substituted or unsubstituted meth- 
30 oxycarbonyl, ethoxycartKHiyi, propoxycarbonyl, butoxycarfaonyl and hexyloxycar- 
bonyl. 

The term "alkoxycarbonylalkyr embraces radicals having "alkoxycarbonyP, as de- 
fined above substituted to an opUonally substituted alkyi radical. Alkoxycarbonylalkyl 
35 radicals can be "lower alkoxycarbonylalkyr having lower alkoxycarbonyl radicals as 
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defined above attached to on© to six carbon atoms. Examples of such lower alkoxy^ 
csartJonylalKyI radicals Include methoxycartionylinethyl. tert-butoxycaffoonyieliiyl. and 
methoxycarbonylethyi. 



5 The term "amInocarbonyP when used by ttseTf or with other terms such as -air»Jno- 
carbonylalkyl". "N-aJkylaminocarbonyl". "N-aiylaminocarfaonyl. "N.N- 
dialkylaminocaibonyl', "N-alkyWsi-arylamlnocaTbonyl", "|s^aJkyt-N- 
hydno^tysuTMnocaitoonyr and "N-alkyUN-hydroxyomlnooarbonykilkyr, dcnotoa on 
amide group of the formuJa -C(sO)NH2. 

10 

The tenns "Iv^alkyJamlnocarboriyl" and -N,lNM]alkyiaminocaftonyr denote am'mo- 
carbonyl radicals which have been substituted wHh one alkyi radical and with two 
alkyt radicals, respectively. The alkyI radicals can be substituted as described herein 
above. "Lower aikylaminocarbonyl" comprises tower alkyI radicals as described 
1 5 above attached to an arrtf nocaitionyl radical 

The terms 'N-^iyidminocarbonyr and "isNelkyi-N^aminoearbonyl" denote amino- 
carbonyi radicals subsUtuled. respectively, with one aryj nsKlicaf, or one alkyi and 
one aryl radteal. wherein such radicals can be substituted as described herein 
20 aljove. 



The term "amlnocarbonylalkyr embraces optlorrally sut>stituted aDcyl radicals sot>- 
stituted with aminoearitonyl radicals. 

The term ''^^^-<^yc3oa1ky^aminocart5onyP denotes aminocarbonyl radicals which have 
been substituted with at least one optionally substituted cycloalkyi radfcaJ. "Lowar 
cydoalkylaminocarbonyr' comprises lower cyctoalkyi radicals of three to seven car- 
bon atoms, attached to an aminocarbonyl radical 

The term "aminoalkyl" embraces alkyI radicals substituted with ona or more amino 
radicals. The alkyI radicals can be further subsBluted by one or more radicals se- 
lected finom the group of radicals consistlnB of hydroxy, carboxy. acid chloride, sul- 
fonyl (Moride. sulphonate, nllro, cyano. feotWocyanate. halogen, phosphoriyl. 
sulphonyl sulfamyl. carbonyi. and thioiyl. 
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Th© teiTO "alkyfaminoalkyl" embraces amlnoallq^ radicals having the nitixagen atom 
substituted witti an optionally substituted alkyl radical. 

The term "amidino* denotes an -C(=NH)-NHz radical. 

5 

The term "cyanoamidino" denotes an -C(=N-CN)-NH2 radical, 

Tha femi "hfitftmcydicalkyr embracses hetorocycllc-cubatrtutdd alkyl radicalB. The 
alkyl radicals can themselves be substituted by one or more radicals selected from 

to the group of radicals consisting of hydroxy, primaiy amino, carboxy. add chloride, 
aulfonyl cWoride, sulphonate. nitro. cyano, Isothiocyanate. halogen, phosphonyl, 
sulphonyl, sulfamyl, carbonyl, and tNolyl. Hetero<^llcalkyl radicals can be "lower 
heterocydlcalkyP radicals preferabFy having fn^m one to six carbon atoms and a 
heterocydio radical. Examples Indude such radicals as pyrroridinylmethyl, pyrldyl- 

15 methyl and thienylmethy). 



The term "aralkyr embraces aryt-substltuted alkyl radicals. The alkyl ladicals can 
themselves be substituted by one or more radicals seledied from the group of radi- 
cals conslsUng of hydroxy, primofy amino, cartxjxy, add chloride, sulfonyl chloride, 
sulphonate, nitro, cyano, Isothiocyanate, halogen, phosphonyl, sulphonyl, sulfamyl, 
carbonyl, and thiolyl. Aralkyt radicals can be "lower aralkyi" radicals having aryl radi- 
cals attached to alkyl radicals having from one to six carbon atoms. Examples of 
such radicals include benzyl, diphenylmethyl. trfphenylmethyf, phenylethyl and dl- 
phenylethyJ. The aiyl In said aralkyi may be additionally substttuted with halo, alkyl. 
afkoxy. halkoalkyi and haloalkoxy. The termB benzyl and phenylmethyl are Inter- 
changeable. 



The tenm "cydoalkyl'' embraces radicals having three to ten carbon atoms. Cycloal- 
kyl radicals can be "lower cycloalkyi- radicals having three to seven carbon atoms. 
Examples Include radicals such as cydopropyl, cydobu^, cydopentyl, cyclohexyl 
and cycloheptyf. The "cycloalkyr can optionally be substituted by one or more indi- 
cate selected from the group of radicals consisting of hydroxy, primaiy amine, car- 
boxy, add chloride, sulfonyl chloride, sulphonate. nitro, cyano, isothiocyanate, halo- 
gen, phosphonyl, sulphonyl, sulfamyl. cariaonyl, and thiolyl. 
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The term "cycloalkenyT embraces unsaturated cyclic radicate having three to ten 
carbon atoms* The "cyclDalkenyT can optionally be substituted by one or mor^ radi- 
cate selected from the group of radicate consisting of hydroxy, primary amine, car- 
bojqr. a«^d chlorWe. suffonyl chloride, sulphonate, nitro. cyano, isothtocyanate, halo- 
5 gen, phosphonyl. sulphonyl. suHamyl, carbonyi, and thioTyl. Examples include cyclo- 
butenyl. cycJopentenyl, cyclohexenyl and cyctoheptenyl, \whlch can optionally be 
substituted as described above. 

The term "alkylthio" embraces radicate containing a linear or branched alkyi radical, 
10 of one to ten carbon atoms, attached to a divalent sulfur atom. An example of "al- 
l^thlo" te methylthio, (CHs-S-). The alkyl ratflcal can be substituted as described 
herein ^iiove. 

The temi "alkyteulfinyj- embraces radicals containing a linear or branched allcyl radi- 
15 cal, of one to ten carbon atoms, attached to a divalent -S(=0>- atom. The alky] radi- 
cal can be substituted as de$cr9)ed herein above. 

The tenn ""aminoalkyl" embraces alkyi radicate substituted with amino radicals. The 
alkyI radicate can be further substituted by one or more radicate selected from the 
20 group of radicate consisting of hydroxy, carboxy. add chloride, sulfonyl chloride. 

sul|3honate. nitro. cyano, isothtocyanate. halogen, phosphonyl, sulphonyl, suifiamyi. 
carbonyi, and thfolyl. Aminoalkyl radicals can be lower aminoalkyl" having from one 
to six carbon atoms. Examples include aminomethyl, amlnoethyl and aminobutyJ 
which can optionally be flirther substituted as described above. 

25 

The terni '*alRylamlnoalkyr embraces aminoalkyl radicals having the nitrogen atom 
substituted with et least one alkyI radical. AJkylaminoaikyl radicate can be "tower 
alig^laminoalkyr having one to six carbon atoms attached to a lower aminoalkyl 
radical as described above. The aBqri radical can be substituted as described herein 
30 above. 

The temie "N-alkylamino- and •N.N-dlalkylamlno" denote amino groups which have 
been substituted with one alkyI radical and with two alkyI radicate, respectively. The 
aUcyl radlcat can be substituted as described herain above. Alkylamlno radtoab can 
35 be "lower alkylamino" radteate having one or two alkyl radicals of one to stx carbon 
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atoms, attached to a nitrogen atom. Suitable "alkylamino- may be mono or dfalkyla- 
mlno such as N-methylamlno. N^lhylamlno. N.N-dlmethylamino. N.NKllethylaniwo 
or the like. 

5 The temn "atylamino" denotes amino groups which have been substituted with on^ 
or two aryl radicals, such as N-pheny!amino. The -arylamino- radicate may be fur- 
ther substituted on the aiyi ring portion of the radicai. Substitutions can include one 
or mora of hydroxy, amino, eafboxy, acid chloride, eulfonyi chloride, eulphonotc, 
nltro. cyano. IsotWocyanate. halogen, phosphonyl. sulphonyl, suffamyl. caibonyl. 
10 andthioiyl. 

The temi "aralkylamino" denotes amino groups which have been substituted with 
one or two aralkyt radicals, such as ivi-benzylamlno. The -aralkylamino' radicals rway 
be further substituted on the aryl ring portion of the radical. Substlttitions can include 
on© or more of hydncMcy. amino, cartoxy. acid chloride, sulfbnyl chloride, suiphonate. 
nitno, cyano. iaothlocyanale, halogen, phosphonyi. sulphonyl, sulfamyt. carbonyl. 
and tl^yl. 



15 



The terms "N^lkyi-N-arylamino- and "N-aralkyf-N-alltylamino" denote amino groups 
20 which have been substituted with one aralkyl and one allcyl radical, or one aryl and 
one allcyl radical, respectively, to an amino group. The aralkyl and/or alkyl and/or 
aiyl radicals can be substituted as described herein above. 

TTie temis "N-arylaminoalkyr' and "N^raikyiamlnoalkyr denote amino gnMips wNch 
25 have been substituted with one aryl radicals or one aralkyl radical, respedively. and 
having the amino group attached to an alkyl radical. The aralkyl and/or alkyl and/or 
aiyl radicals c»i be substituted as described herein above. AiylamlnoalkyI radicals 
can be Tower aryJaminoalkyP having the arylamino radical attached to one to six 
carbon atoms. Examples of such radicals include l^henylaminomethyl and N- 
30 phenyl-N-methylaminomett^. 

The terms "N-alkyi J»l^lamlnoalkyl". and "N-aralkyi-N-alkyiaminoaikyr denote N- 
alkyKK^arylamino and N-aiky^K^araikylamlno groups, respecth.ely. and having the 
amino group attached to alkyl radfeals which can be substituted as described herein 
35 atx}ve. 
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The tenn "aGyr*. whether used alone, or within a term such as 'acylainlno". dencoas 
a radical provided by the residue after removal of hydroxyl from an oiganlc add. 

5 The term "acylamlno- ambracee an amino radical substituted with an acyi group. An 
ejampies of an "dcgriamino- radical Is ace^iamino or acetamldo (CH3C(bO)^H-) 
where the amine may be further substituted with ali^yl, aryl or aralKyl. wherein said 
alkyl. nryl nr «trail<yl can be BubBUtuted as described herein above. 

10 The term "aiylthio" embraces aryl radicals of six to ten carbon atoms, attached to a 
divalent suifUr atom. TTie aiyl can be substituted as described herein abova An ex- 
ample of "arylthio" Is phenylthia 

The tenn "arallcyithio" embraces araikyl radicals as described above, attached to a 
15 divalent sulfur atom. The aralityi radicals can be further substttuted as descnbed 
hei^ abovejVi example of "arailtylthio' Is benrylthlo. 

The temri "aryloJoT embraces aryl radicals, as defined above, attached to an oxygen 
atom. The aiyl can be substituted as described herein above. Examples of such 
20 radicals include pheno>(y. 

The temi "iaralkoxy" embraces oxy-conlalnlng aralkyi radicals attached through an 
oxygen atom to other radicals. The aralkyi can be substituted as described herein 
above.Aralkoxy radicals can be "lowr aratkoxy- ladtcate havtng phenyl radteals at- 
25 tached to lower alkoxy radical as described above. 

The terni "hatoaraUQrl" embraces atyl radicals as defined abova attached to haloalkyi 
radteate. The aiyi can be further subsfituted as described herein above. 

30 The tenn "cartaoxyhaioalkyi" embraces carboxyalkyi radicals as defined above havu 
log halo radicals attached to the alkyi portion. The alkyl portion can be further sub- 
stituted as described herein above. 

The tenn "alkoxycarijoriylhaloalkyr embraces all«i)q/cart»nyl radicals as defined 
35 above substituted on a hatoalkyi radteal. The haloalkyi radteal can be further subati. 
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tuted by one or more of hydroxy, amino, carboxy. acid chloride, sulfonyi cWoride. 
sulphonate, nftro. cyano. Isothfocyanate. phosphonyi. sultihonyl. sulfomyl. carbonyl. 
and thiolyl. 

The term "aminocarbonylhaloalkyl'' embraces aminocarbonyl radicals as defined 
above subeetuted on an optionally substituted haloalJcyi radical wherein the aiicyl is 
substituted by one or more of hydroxy, amino, carboxy, add chloride, sulfonyi chto- 
ride, aulphonate. nitro. cyano. bsnthlnnynnate. phosphonyi. sulphonyl, sulfarnyl. car- 
bonyl. and fhioiyi. . 

The tenn "alkylainlnoBaibonylharoalkyP embraces alkylamlnocarbonyl radicals as 
defined above subsfttuted on an optionally substituted haloallcyl radical as described 
above. 

T?ie temi "alkO)vcarbonylcyanoalkeny)- embraces alkoxycaitonyl radicals as de- 
fined above, and a cyano radical, both substituted on an optionally substituted 
aikenyi radical. 

The term -cartjoxyalkylamlnocarbonyr embraces aminocarbonyl radicals substituted 
with carijoxyalkyi radicals, as defined above. The carfaoxyaikyi can be further sub- 
smuted. Substitutions can Include one or more of hydroxy, amino, acid chloride, 
sulfonyi chloride, suiphonate, nItro, cyano. isothlocyanate, hak)gen, phosphonyi. 
sulphonyl, sulfamyl. carbonyl, and thiolyl. 

25 The tenti "aralkoxyoarbonylalkylaminocarbonyP' embraces aminocarbonyl radicals 
substituted with aryl-eubsStuted alkoxycarbonyl radicals, as defined dbove. 

The tern "cyctoalkylalkyT embraces cyck>alkyl radteals having three to ten caifaQi> 
atoms attached to an alkyt radk^i. as defined above. CyctoalkylalkyI radicals can be 
30 "lower cycloalkyJalkyl" radicals having cycloalkyi radicals attached to fawer alkyi 

radicals as defined above. Examptes Include radicals such as cyclopropyirrtethyl. • 
(grdobutylmethyi. and cydohexylethyL 



20 



35 



The term "aralkenyr embraces optlonaUy substituted aryt radicals attached to 
aiJcenyl radteals having two to ten carbon atoms, such as phenylbutenyl. and phen- 
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yiethenyl or styryl. When substituted the aiyl can be substituted with one or more of 
hydroxy, amino, cartioxy, acid chloride, sulfonyl chloride, sulphonate, nitre, cyano, 
isothiocyanate, halogen, phosphonyl. sulphonyl^ sulfamyl, carbonyl« and IhlolyL 

5 The term "Pol' denotes a polymerized substituted or unsubsfituted sfyrene. a po- 
lymerized substituted or unsubstltuted acrylate, a polymerized substituted or unsub- 
stituted (meth)acryldfe, a polymerized substituted or unsubstltuted hy- 
drq)cymBthyl(mi^th}nr.Tyl9td; ti polymerized substituted or unsubsAJiuled acryldmldo, a 
polymerized substituted or unsubstltuted vinylacetate; a polymerized substituted or 
10 unsubstltuted vJnytether; a polymerized substituted or unsubstltuted vinylpyrrolidone* 
a polymerized substituted or unsubstltuted oxlrane; a polymerized substituted or 
unsubstltuted oxetane, a polymerized substituted or unsubstltuted oxolane; a po- 
lymerized substituted or unsubstltuted episulfide; a polymerized substituted or un- 
subsBtuted thtotane: a polymerized substituted or unsubstltuted cydic amine. 

IS 

The term "derivative of a reactive group" denotes a reactive group (e,g. a readivB 
group of a substituted alkyi) which has been reacted with a chemical moletVr said 
reaction generating the derivative by attaching the chemical moiety (optionally the 
part of the chemical moiety which is not consumed In the reaction with the reactive 
20 group) to the fluorescent dye compound. The derivative can be e.g. an activated 
ester or a monomer or a macromonomer. 

The term "reactive moiety" fs used Interchengably with "derivative of a reactive 
group^ A substftuent of the fluorescent dye compound can comprise a ''reac^e 
25 moiety, or the Teactive moiety" can be attached to the fluorescent dye compound 
by reaction with a substftuent lathe form of e.g. a substituted alkyi capable of react- 
ing with the reactive moiety (precursor). 



30 



DetaUad Description of the Invention 

Preferred embodiments of the present invention are described herein below. 
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In one embodiment there Is provided a fluorescent dye compound comprising the 
stmcture 




Preferably, the compound comprises one or more substituents in either one or more 
or the ortho positions (positions 1 , 3, 5, 7i 9 and 1 1) and/or one or more of the para 
posrfions (positions 2, 6 and 10), more preferably one or more substituents in one or 
more of the para positions. 

10 

The para positions (2,6 and 10): In order to obtain Intense absorbance it s preferred 
that at least two of these positions carry a substituted amfno group* In one embodi- 
ment, the invention is directed to oompoutKJs wherein position 10 is unsubstituted* 

15 The ortho positions (1« 3, 5, 7» 9. 1 1): These positions can optionally be substituted 
with one or more substituents. In general, electronegative substftuents should give 
raise to a redshrft, while electropositive groups should give a blueshlft Since sterio 
interactions between any group in these positions and the amino groups rruay lead to 
decreased fluorescence quantum yields, the most relevant substituents for these 

20 positions are expected to be F and CI which could be Introduced In order to radshlft 
the absort>dnce/emi8Sion maximum. 

Substituents comprising reactive groups: In general, it is preferred to imroduco sub- 
stituents comprising reactive groups via one of the pare amino groups. However, the 



01/QV 15:10 FAX 33320594 



HOIBERC A/S 



PVS 



17 

substituents comprising reactive groups can al$o be attached in an ortho position. 
Ortho- and para-positions are Indicated herein above. 

Substituents Ri to Rio are preferably selected Independently from the group con- 
5 sistfng of: 

hydridOr 

substituted and unsubstituted alkyi, substituted and unsubsUtuted haloalkyt. substl- 
10 tuted and unsubstituted hydroxyalkyl* substituted and unsubstituted alkylsulfonyl. 

substituted and unsubstituted alkenyl« 

hato, 

15 

substituted and unsubstituted alkoxy» substituted end unsubstituted alkoxyalkyip 
substituted and unsubstituted haloalkoxy. substituted and unsubstituted haioalk- 
oxyalkyl, 

20 substituted end unsubstlbited aryl. 

siAstituted and unsubstituted heterocyclic. 
subsQtuted and unsubstituted hetenoaryl. 

25 

sulfonyl, substituted and unsubstituted aIkylsulfonyl» substituted and unsubstituted 
arylsulfonyl, sulfamyl, sulfonamidyl, aminosutfonyl. substituted and unsubstituted Isl- 
aikylaminosulfonyl. substituted and unsubstituted N-arylaminosulfonyIp substituted 
and unsubstituted N.N-dialkylam^osulfonyf. substituted and unsubstituted N-alkyl- 
30 N-arylaminosulfonyl, substituted and unsul^stituted N-^lkyiaminosuifonyl, substituted 
and unsubstituted N,N-dralkylaminosutfonyl, substituted and unsubstituted N- 
arylaminosirifbnyi, substituted and unsubstituted N-alkyl«N-arylaminosuHbnyl, 

carboxy. substituted and unsubstituted carbo)Q^lkyl, 

35 
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carbonyl. substituted and unsubstitutdd atkylcarbonyl. substituted and unsubstltuted 
alkylcarbonylallcyl. 

substituted and unsubstltuted alkoxycarbonyl, substituted and unsubstituted alkoxy- 
6 carbonylalkyl. 

aminocarbonyt, substituted and unsubstltuted ammacarbonylalkyl. substituted and 
unsubstitutod N olkyloinlnocarbonyl, oubetituted and unGubstitutod N- 
arylamlnocarbonyl. substituted and unsubstituted N^M-dialkylamlnocarbonyl, substi- 

10 tuted and unsubstltuted N-alkyl4NJ-aiylanilnocarbonyl, substituted and unsubstituted 
N-alkyl-N-hydrosQ^mlnocarbonyl, substRuted and unsubstituted N-alkyl-N- 
hydroxyambiocarbonylaikyl, substituted and unsubstltuted N-aikytaminocarbonyl, 
substituted and unsubstltuted N,N-dlalkylamlnocarbonyl, substituted and unsubsti- 
tuted N-arylaminocarbonyl, substituted and unsubstltuted IsS-alkyl-N- 

15 aiyiaminooarbonyl, substituted and unsubstituted amlnocarbonylatkyi, substituted 
and unsubstltuted N-cycloalkylamlnocarbonyl, 

substituted and unsubstituted amlnoalkyf. substituted and unsubstituted alkylaml- 
noaikyi, 

20 

amidino, 
cyanoamidino, 
25 substituted and unsubstituted heterocydicalkyl. 
substituted and unsubstituted aralkyi, 
substituted and unsubstituted cycloalkyl. 

30 

substituted and unsubstituted cydoalkenyl. 
substituted and unsubstituted alkylttiio, 
35 substituted and unsubstituted alkylsulflnyi. 
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substituted and unsubstituted N^lkylaiiilno. subsbtuled and unsubstlbitad N N- 
dialkylamfno, 

Biibstltutsd and unsubstituted arylamlno. aubstHutad and unsubstituted aialkyiamino. 
substituted and unsubstituted N-8«cy|-|y|-aryIamIno. eubstltulad and unsubstituted isi- 
aralkyi-N-alkylamino. subsUtuted and unsubstituted N-aiylamlnoalkyl. substituted 
and unwiwtllutod N-aralkytominooilcyl, cubatHuted and unaubatituted N-elkyl-N- 
arylaminoallcyi. substituted and unsubstituted N-arallcyl-N^llqrtaniinoallcyl. 

a(gi. ac^amino, 

substituted and unsubstituted aiylthio. substituted and unsubstituted ai«lkyithio. 
substituted and unsubstituted aiylacy. substituted and unsubstituted aialkoxy, 
substituted and unsubstitutad iialoeraHtyl. 
substituted and unsubstituted carboxyiialoailcyl, 

substituted and unsubstituted alkoxycarbonyliwioallcyt. substituted and unsubsUluted 
amsiocarbonyltialoalkyl. substituted and unsubstituted alkylaminocartjonylhaloaikyi. 

substituted and unsubsfituled alkoxycarbonyJcyanoalkenyl. 

substituted and unsubstituted carboxyalkylaminocartionyl. 

substituted and unsubstituted araikoxycartwnylalkylaminocarbonyl. 
substituted and unsubstituted cydoaikylalkyl. and 
substituted and unsubstituted araikenyi. 
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With the proviso that Ri to Re are not all Identfcal linear aOcyls when Y is NRsRc and 
Z Is o. and that Ri and R2 are not both ethyl when NR3R4 and NRsRa both consti- 
tute a morphonnyl ring 



5 wher^ at least one af said 8ut>stituent$ R1 to RIO comprises 



a) one or more reactive groups selected from the group oondsling of vinyl, allyl. 
hydroxy, primary amine, oecondory amine, oarboxy, oarbonyl, nHro, cyano, lao 
thiocyanate, halogen, phosphonyl. sulphonale. sulphonyl, suliamyl, andthlolyl, 
10 or 



b) at least one reactive mc^ety oelected finom the group consisting of an acBvated 
ester, such as N-sucdnfmldyi ester, maleimide ester, orfluorophenoi ester» in- 
cluding pentafluorophenol esten acid halide. such as add chloride or add bro- 
15 mide; sulfonyl hafide. such as sulfonyl chloride or sutfonyl bromide; tosylate/ 

mesylate, phtalimldo. azido, an optionally polymerized substituted or unsubsti- 
tuted styrene. an optionally polymerized sutistrtuted or unsubstltuted acryfate, 
an optionally polymerized substituted or unsubstituted (meth)acrylatep an op- 
tfonally polymerized substituted or unsubstituted hydro9^ethyi(meth}acrylate: 
20 an optionally polymerized substituted or unsubstituted aciylamide, an optionally 

polymerized substituted or unsubstituted acetate, an optionally polymerized 
substituted or unsubstituted vinylacetate; an optionally polymerized substituted 
or unsubstituted vinylether; an optionally polymerized subsBtufed or unsubstf- 
tuted vinylpyrrolidone, an optk>naiiy polymerized substituted or unsubstituted 
25 oxirane; an optionally polymerized substituted or unsubstituted oxetane, en op- 

tionally polymerized substituted or unsubstituted oxolane; an optionally polym- 
erized substituted or unsubstituted ©pisulfide; an optionally polymerized substj- 
tuted or unsubstituted thiotane; and an optionally polymerized sutJStltuted or un- 
substituted cyclic amine. 

30 

Table 1 illustrates examples of preferred substituents comprising reacUve groups, in 
some embodiments, two or three identical or different substituents comprising reao- 
tive groups can be attached via the amino groups. When the substituents compris- 
ing Jneactlve groups are different and have diJferent reactivities they pennit stepwise 
35 reactions with e.g. polymer beads and/or biomoleCules. 
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Table 1 



Amine used in the $ubsUtu- Converted to Reaotlve linker Commente 
tion reaction 



IM-suodnlmldyl ester 
or Acid chloride 

Pantafliiorophenol ester (or &TP ester) 



Tosylate. mesylate, Hallde 
Sulfonyl chbride 

Isothiocyanate Amine reactive 

Maleimide Thiol reactive 



The ability to modify the solubility of the compounds according to the Invention Is 
important as poorly dissolvable compounds tend to selfnaggregate or form non- 
covaient complexes with t>lomolecu1e5. This may result in quenching of the fluores- 
cence. Also, poorly dissolvable dyes may lead to preclpitatlon/aggregaQon of the 
beads/blomolecules. 

It Is possible to modify the sotubiiity of the compounds according to the invention by 
selecting prefemsd substltuents. Including the amino or substituted amine used in 
the reaottun vnth the preferred substttuents, including substituents comprising reac- 
tive groups* 

In Table 2 some examples of amino groups with different polarity are illustrated. 
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Tabla2 

Amine used in the substitu* 
Hon reactfon 



Non polar dye (for use in non polar media) 



Medium polar (could be use to synthesize TEG* sub- 
stituted derfvaflves) 



Two of these anionic taunne substttuents would give 
a (probably water soluble) dye with a total charge of 
minus one. 
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Table 3 





X1-11 


Y 


Z 


R1 


R2 


R3 


R4 


R5 
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0 




CHj 
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Hoacl*a 


CHj 
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ReaM 
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CI 
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CHi 


CHs 
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CH» 
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CHi 
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CH, 
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CHj 
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CHj 










Rsaei4 
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ReacVa 




CaHj 
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CH, 










10 
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OR, 
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CH, 


CaHtSO,- 


CH, 






Reaci-s 
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17 


H 


ORj 


o 


QAsor 


CKi 


-CCHib- 






RcaM 








IS 


H 


NRiRk 


NRift 


CHs 


CH) 


CH, 


CH, 


CH, 


CHi 








RSBCt-B 


19 


K 




HRio 




CHi 


CH, 


CH, 


CH3 


CH, 








React-D 


20 


H 


^aw» 


NR,. 




CiM, 


PiH, 


C,H, 


Qi»^ 


PiH, 








React-fi 


21 


H 




NRio 


CaHiOH 


CHi 


CiHiOH 


CH, 


CaH^OH 


CH, 








Reacts 


22 


. H 


NR«Rf 


NRio 


C1H4SO1* 


Cth 


C^H«SCV 


CH, 


•<CH,lr 








Rftad-a 
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NRsiRi 


MRto 




CHi 


-<CHj)r 
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HCHi) 










React-* 


25 


H 
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CHj 


CHi 


CHa 


CHs 


CH, 


CH, 








Pol 
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H 


NRt^^ 
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CaH, 




CaH, 


CaHs 










Pol 


27 


H 




Nftio 


C1H.OH 


CHi 


OaH«OH 


CH, 


QaH^OH 


CH, 








Pol 


23 


H 




WRio 




-CCHjV 


HCHaVr 
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H 
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NRiD 




CHi 


-(CHaJr 


<CH^ 








Pol 


3A 


H 


F 


NRiD 


CH> 




CHj 


CH, 












RBBd-a 



AbrmfaSoni: 

Poa PQ}ymarRisbiiipf«fer^Uy(nlh9fennofboadt andfaoMonpolyathylsn^ 
Raacta -{CHiVCOW. praPetsbV aciivBied as N-Mjocinlmliiyr eiter. Mfd dilcride orfluraprier^ ester. 
Resct-b -CiHiCh* pretemwy acCva led as tosytata or mesylate 
_React< 4CH2)3»HH2. >fthere the prtmaiy amine b preferaDN Pfotectaj as a phmimMo or aztda flfoup 



5 



Apart from the preferred polymer matrices comprising PEGs which are mentioned 
under "Per in Table 3, "Por can further denote any of the poJymers listed under the 
definition of this term. 
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Styrenes 

optionally substrtuded 




(Meth)acryldtes 
Ri = Me or H 

(CHzXi or {CHzCHgO)^ 




(Meth}acryfanfildes 
Ri =Me or H 
R2 ^ spacer e.g. 
{CH2)„or(CH2CHzO)n 



10 



15 




Acetates 
Ri = Me or H 
R2 = spacer e.g. 
(C*l2)n or(CHaCHiO)„ 



Ri 



Ether 

Ri =Me or H 

R2 = Spacer e.o. 

(CH,)«or(CH2CH20)„ 




Vinyl 

Ri =Me or H 

1^ a spacer e.g. 

(CH2)„or(CH2CHaO)i> 



20 



Cyclic ethers 



Oxfranes Oxetanes Oxolanes (THF) 

R = spacer e.g. = CHs. CHjCH, or H R = spacer e.g. 

25 (CH8)„or(CHaCHaO)« Rz" spacer ftg. (CH2)„.or (CHaCHaO)„ 

(C3H2)«or(CHiCH»0)„ 
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Cyclic sulfides 



Episulfldes 

Rs spacer e.g. 

(CHa)„or(CHaCH80)„ 



25 



Ri-CH3.CH2CH3orH 
R^s spacer e.g. 
(CH2}nOr(CH2CH20)„ 



Cyclic amines 



15 



1^. 



20 



25 



R = spacer e.g. 
(CH2)«0r{CH2CH2O)^ 



Ri = CH3. CHgCHjorH 
R2= spacer e.g. 
(CH2)n or {CHzCHzO)^ 
Ra^CHa. CHzCH^Hor 
spacer e.g. 
(CH2)„or(CH2CHzD)„ 



R. Rir R2i and Ra denote the groups onto wtiich the fluorescent dye compound can 
30 be atteched. The numbering does not refer to fluorescent dye substituter^. 



Synthesis of trianauienlum compounds aooordlna to the invention 



35 One synthesis scheme for preparation for triangulenium derivatives according to the 
Invention take advantage of the selective, facile, and stepwise siA)stitution of the 
para metho)^ groups in the readily available trl5(2,4,6-lrimethoxyphenyI)-carbenium 
ion (1, scheme 1). By this method, precursor compounds 4 in which Ri-Rq are the 
same or different can be obtained In few and simple synthetic steps as outlined In 

40 Scheme 1 (Laursen. ibid.). The triangulenium compound 5 can be obtained by 
heating the corresponding compound 4 with Lil in NMP. 



■ 45 



The syntheds of compounds according to the present Jnventfon can be performed 
based on the strategy disclosed herein above utilizing the reacUvity of tha tn's(2.4.6- 
tnmethQxyphenyl)-cart)enium ion (1) towards amine nucleophiles. 
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Dub to the stepwise nature of the substitution reaction, it is possible to obtain 
asymmetrical substituted triangulenlum derivatives in a *one<por procedure as out- 
lined in scheme 2. . 

5 

Ring closure of compound 4a is perfomned by heating the compound In NMP with 
UCl and butane acid. 

This procedure is superior to the previously pubRshed procedure using NMP/UI 
1 0 which results in methylation of the add group. 

Examples 

The Invention is further described herein below in the non-limiting examples. 

15 

Example 1 

The synthesb of the compound designated as ATOTA-1 is outline In Scheme 2. 

20 1 {BFaI is synthesized as described in the literature (Laursen et al. JACS 1998, 120. 
12256-12263) 

4a (BFO: 4-(methylamino)butyrtc acid hydrochloride (1-36 g; 8.8 mmol), 1 (5.0 g: 8.3 
mmol), and diisopropylethylamine (5 mL) la dissolved in acetonltrile (120 mL). The 
reaction mixture is stirred at 30-35 "^C in a dye nitrogen atmosphere for 22 h, Aque- 
25 ous dimethylamtne (40 mL of a 40% solution} is added and the reaction mixture is 
stirred for four more days. Solvent and excess dimethyl amine Is removed in vacuo 
and the reminiscent material dissolved in chlorotbitn. The chlorofomi solution was 
washed twice with brine and dried over MgSO^ before evaporation of the solvent 
and reprecipitatton from CH2Cl2/ether. Yield: 4.4 g (74%) daric powder. 

30 MS(FAB*):/n/z624(M+) 

^H-NIV!R (400 MHz. d6-DMSO): 5 8.34 (1H, s). 6.03 {2K s), 5.83 (4H. S), 3.49 (2H, 
m>, 3.48 {BH, s). 3.44 (12H, s), 3.12 (3H. s), 3.08 (12H. s), 1.94 (2H. t), 1.70 (2H, m). 
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5a (PFe-): 4a (BF4 ) (2.3 g; 3.19 mmol). UCI (2.4 g), and propanic add (4.5 mL) was 
dissolved in NMP (150 mL) and heated to 180 for 80 minutes. Ethylacetate (ca 
400 mL) vwas added In smalt portions to ttie coofed (25 'C) reaction mixture wtiila 
stinlng. The precipitate is filtered off and wastied vwlh ether, giving an orange solid 
5 (2.0 g). 1 .8 g of this solid was dissolved fn DMSO (ca 1 00 mL) and poured into 0.2 
M aqueous KPFq solution (acidified with Ha, pH ca 2). The predfrifate was filtered 
off and washed with pure water and recrystalUzed from ethanolAwater (300 mL + 12D 
niL)p giving 1.40 g (69%) of Sa-PFe*. 

MS (FAB+): nr/lz 486 (i\44-) (at m/z 500 a signal from the methylester is observed, ca 
10 10% in relative intensi^) 

^H^MR (400 MHz. dS^DMSO): S 12.24 (1H, s). 6.40 (2H. s), 6,32 (2H, d, J = 2 Hz), 
6.29 (2H. d, J a 2 Hz), 3.45 (2H. L 7 Hz). 3,09 (12H, s), 3.06 (3H, s), 2.37 (2H. t 
J = 7 Hz), 1.77 (2H, m). (at 3.66 ppm a singlet with a relative intensity of 0.2H is ob- 
served due to the methoxy group In the methylester). 

15 ATOTArl (PFb ): 5a {FFi) (0,80 g, 1.26 mmoQ was dissolved In dry DMSO (50 mL) 
and diisopropyiethylamine (0.30 g, 2.3 mmol) was added foUowed by T8TU (2- 
succin{mida-1,1,3,3-tetramethyluronIum tetranuoroborat; 0.60 g, 2 mmol). Hie reac- 
tion mixture was stirred in a closed flask at room temperature for 2 hoirs. before It 
was poured into 0.2 M aqueous KPFg solution (250 mL) addtfied with 2 M HCl solu- 

20 ton (2 mL). The precipitete was filtered off and washed with pure water. The dried 
(vacuum over KOH) product was repredpiteted from acetonltrile(5Q mL)/ether(200 
mL). Yield: 0.81 g (90%) orange powden 

MS (FAB+); m/± S83 (M+) (at m^^j 500 a signal from the methylester is observed, ca 
10% in relative intensity) 

25 *H-NMR (400 MHz. d6-DMSO): 5 6.41 (2H, s), 6.30 (4H, s). 3.62 (2H, t, J = 7 Hz), 
3.09 (15H, m), 2,85 (8H, m). 2.50 (2H. m). (at 3.68 ppm a singlet with a relative in- 
tensity of 0-2H Is observed due to the methoxy group in the methylester Impurity) 

The absorption and emission spectra of ATOTA-1 are given in figure 2. The dark 
line illustrates the measured absorption spectrum. The emission spectrum is illus- 
30 trated by the grey line. 
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Example 2: Exposing linked fluorescent dye to liarsh conditions. 

Generat methods 

Reagents were obtained from Fluka and used without any purification. All solvents 
5 used were of HPLC grade kept over molecular sieves. ATOTA-1 was obtained from 
Bo Wegge Laursen, Nano-Sclenoe Center, Copenhagen Unlversf^. The 5-28 pm 
beads were prepared by using a high-speed dispareion reactor. The beads (300-500 
fun) wBfo prepared in a 250 ml baffled glass reactor equipped with a dispersion stir- 
rer. Washing and subsequ^t dirying of beads was cam^ out by the following pro- 
10 cedure: The beads were washed 10 times with ethanol, followed by 10 times wash 
with water, and finally another 10 times wash with ethanol and were then dried at 
room temperature under vacuum. In the following wash, washed, and wasNng re- 
fens to this procedure. 

15 Thorough washing refers to a procedure comprising the steps of 10 times wash with 
di-chloromethane (DCIM). 10 times wash with methanol (MeOH). 10 times wash wth 
water, 10 times wash with dl-methyiformamide (DMI=}, another 10 times wash with 
MeOH. a further 10 times wash DCM, end finally drying at room temperature under 
vacuum 

20 

The fluorescence Images were obtained with a Leica MZ^2 stereo zoom microscope 
and a Leica digital camera wHh an exposure time of 2.3sec and 0.8 times magnifica- 
tion. A mercury lamp equipped with a blue filter provided the broad banded excita- 
tion In the near UV range. A green filter was positioned between the sample and the 
25 lens of the microscope In order to fUter away the Incoming blue light. It was hereby 
obtained that only the fluorescence was recorded. The images of the fluorescein 
beads were recorded in DMF. 

Synthesis of parttaHv acrvlovlated ^NH^>;>PEG.^j j p apd f NHp)yPEGf ppn 
30 AcryloyI chtoride (1 .267 ml, 14 mmol) m DCM (12 ml) was added dropvrise to a so- 
lution of (NH2)2FEOfioo (6.3 g. 10 mmol) in DCM (18 mO at 0 "C with stirring. The 
reaction mixture was kept for 1 h at 20 °C. The DCM was evaporated and drying In 
vacuum at 20 '^C yielded the 70% acrytoylated (NH2)2P£G5oo as colouriess thick oil. 
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The partially acryloylated (NH2)2PEQtMowas prepared by following the same proce- 
dure vwth {NH2)2PEGiooo (20 g, 10 mmol) In DCM (12 mJ) and acryioyi ^loride 
(1-267 ml, 14 mmol) In DCM (18 ml). 

^ Preparation of rAorl, ^NH^i^pgQ^^Agry iamfde conQlvmer beads. 

The (Acr)u (NH2)2pEGiBQGracry1amide polymer beads were prepared by inverse 
suspension polymerisation. \n order to prepare the beads having a size 300-^00 
fim, a 1 .4 wt% of sorbltan monolaurate to the macromonomor was uaed aa the au9- 
pension stabiliser, n-heptane was used as the suspension medium and was de- 
10 gassed with argon for 1 hour before the addition of monomers. In a typical synthesis 
procedure, a solution of (Acr)i.4 (NHdaPEQieno (7.3 g. 3.54 mmol) in water (21 ml) 
was degassed with argon for 30 min. Acrylamfde (0.36 g, 5 mmol) in water (0.5 ml) 
was added to the degassed solution and the purging of argon was continued for S 
min. A solution of sorbitan monolaurate (0.1 ml) In DMF (1 ml) and the free radical 

1 5 initiator ammonium persulfate (300 mg) in water (2 ml) were added to the monomer 
mixture. The reaction mixture was then rapidly added to the suspension medium 
and stinred at 600 rpm at 70 '^C Alter one min, TEMED (1.5 ml) was added to the 
reactor. The reaction was allowed to continue for 3hour5. the encoded beads formed 
were filtered through the sieves and the 300^0 pm fraction was collected. The 

20 beads were washed. 

Labeflina of beads with ATQTA^I 

LabeWng of (Acr),^ (NH^PEGiwo-AcrylamWe (300 - 500 |im) beads with ATOTA-I 

25 The beads (0.1 g, 0.2 mmof/g) were swolJen In DMF (4 ml) for Ih. The DMF was 
filtered off. the ATOTA-1 (0,0146 g, 0.02 mmol) in DMF (600 jiL) was added to the 
swollen beads and the reaction mixture was kept at room temperature. After 24h the 
beads were washed. 

Stability of ATQTA-1 labg> Hed baads In adds, hay i s. and nucleoohll^ 
The lyophlllsed ATOJArl labelled (Acr),.4 (NHa)aPEGiB(xrAcryIamlde (300-600 Mm) 
beads were used for the stability studies. The beads (10 mg each. 0.2 mmol/g) were 
weighed into seven syringes fitted with a Teflon filter and treated with the r^ents 
for 3 hours at room temperature. 

.35 
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Triflic anhydride; The beads were washed with 10 times with DCM, and then triflic 
anhydride (34 fil. 100 equiv) was added. Alter 3h. the beads were Altered and thor- 
oughly washed. 

S T^i|gQTft The resin was washad with DCM (IQx) and trimethylsilyimethyl trinuo- 
lomethanesulfonate (40 100 equiv) was added. After 3h, the lesln waa filtered 
and thoroughly washed. 

Iriflupipqpetfc aff|{j^ The dried resin was suspended in neat trifluoroacet'c acid (100 
10 111) for 3h. The resin was thoroughly washed. 

Potassium hydroxide /KOH)p The resin was washed with water (lOx) and saturated 
aqueous KOH (200 |iF) was added. After 3 hours, the resin was thoroughly washed, 

IS PMtyi IWilum (BuLI)' The resin was washed with DCM (1 Ox) and THF (1 Ox). Butyt 
lithium In heptane (64 jil, 10 equlv) was added. After 3h. the resin was filtered and 
washed 10 times wflh tetrs'+iydrofourane and then washed thoroughly. 

porpn-trmuoride (BF^) In ethvlether fEt^Ol: The resfn was washed with OCM (lOx) 
20 and BFg EtaO (26 jil, 100 equlv) was added. After 3h. the resin was filtered and thor- 
oughly washed. 

Plperidlne: The resin was washed 10 Omes with DCM and 10 times with DMF. 20% 
piperidlne in DMF (200 |ii) was added. After 3 hour« the r^sln was filtered and 
25 washed vwth THF and then washed thoroughly. 
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Results ' 

Ttie ATOTA-1 labelled beads were suspended In DMF and analysed by fluores. 
cence microscopy before and after exposure to the harsh environments specified 
above. Tha resulting fluorescence images are given In Fig. 3. It appears from the 
figure that the beads as well as the fluorescent dye were diemically stable in all 
reagents. Only the exposuna to trffllc anhydride seems to have reduced the fluores- 
cence signal as the image of the beads after the trlfllc anhydrfde treatment shows a 
decreased Iniensl^ of fluorescence (Fig. 3j). In cider to Investigate whether this 
effect Is reversible, the trlfllc anhydrfde treated beads were pH-neutralised by 20% 
DfPEA In DMF and subsequently analysed with the microscope set-up (Rg. 31). The 
resulting Image shows that the beads regain their fluorescence after r^utnalisafion. 



Fig. 3 jnustrates Images of beads suspended In DMF. a) unstained beads imaged 
without fluorescence filter, b) unstained beads Imaged with green fluorescence filter, 

15 c) stained beads imaged without fluorescence filter, d) stained beads Imaged with 
green fluorescence filter, e) stained beads exposed to BFa Imaged with grean fluo- 
rescence filter, f) stained beads exposed to BuLi imaged with green fluorescence 
filter, g) stained beads exposed to KOH Imaged with green fluorescence filter, h) 
stained beads exposed to piperidino Imaged with green fluorescence filler. I) 

20 stained beads exposed to tri-fluoroacetlc acid imaged with green fluorescence filter, 
j) stained beads exposed to trif lie anhydride imaged with green fluorescence fitter, k) 
stained beads exposed to tn-methyl*sl]ylmethyitriflate Imaged with green fluores- 
cence filter, 0 stained beads exposed to triflic anhydride efter neutralization imaged 
with green fluorescence fitter. 

25 

Example 3 

Synthesis of labeled beads (6a) by In situ cydisaflon onto amine polymer beads 
according to scheme 4. 

30 

0,2 g dry (Acr)i^.(NHa)aPEGiactrAcrylamide copolymer beads prepared according 
to the above descrtoed procedures were suspended In 5 ml of dry N-methyl pyroli- 
done. 7.8 mg of hexamethoxy-tris(dimethylamlne)lrlangu!enlum PFe (2a» R,^ a 
methyl) was dissolved into the mbcture, which was heated over night at 100 deg C. 
35 50 mg of anhydrous JCi was added and the heating was continued for 8 days. fol-. 
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low8d by a 2 hr heating to 180 deg C and cooling to RT. The beads were filtered 
from the solution, washed 3 times with water, 3 times with acetone and re- 
suspended In water. The resulting brownish yeltow beads (6a; Ri-a = methyl) exhit>- 
ited a strong green fluorescence when exited with blue light at 473 nm from a diode 
5 laser. 



Ust of figures 



Rg. 1. Generic structure of the fluorescent dye compounds 
1 0 Hg. 2. Absorption and emission spectre of ATOTA'-1 
Fig. 3* images of beads suspended in OMF. 

Scheme 1 . Synthesis scheme for preparation of triangulenium derivatives. 

Scheme 2. •One-pof synthesis scheme for pr^aratlon of asymm^cal substi- 
tuted triangulenium derlvatlveB. 
15 Scheme 3. General synthesis of ADOTA (6) via stepwise substitution and cydisa- 
tion. 

Scheme 4. Syntiiesis of polymer Bnlced ADOTA by in situ sub^tution and oycKsa* 
tion onto amine temninated polymer beads. 
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Patent Claims 



1 . A fluorescent dye compound comprising the structure 




wherein Xi, X?, Xe, Xn Xg, and Xn are fndependently H, CI or F: 

wherefn Y Is selected from the group consisting of H, CI, F, NRaRe. ORr. SRq. 
and Rg; 

vuherein Z is O or NRiq, and 

wherein Ri, Rz, Ra, R4^ Rs. Rb- Rt. R«. Rs. and R,o Is independently H, an op- 
tionaliy substituted alkyl. an optionally substituted aryl, or an optionally polym- 
erized substituted orunsut)stltuted monomer selected from the group consist- 
ing of si^ne, acrylate. (meth)acrylate, hydroxymethyl(meth)acrylate. ao- 
rylamide, acetate, vinylacetate, vlnylether, vinylpynolidonei oxirane, oxetane, 
oxolane. episulflde, thiotane. cyclic amine, or Ri and R2 together with the nitro* 
gen to which they are attached fonn a substituted or unsubstituted heterocyclic, 
or Ra and R4 together with the nitrogen to which they are attached form a sub* 
stituted or unsubstituted heterocyclic, or R5 and Re together with the nitrogen to 
which th^ are attached form a substituted or unsubstitufed hetero^dic. or 



10 



15 



20 
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Wherein at least one of Ri, Ra. R3, R4, Rg, Ra, Rr. Ra^ Rg, and Rio comprises at 
least one reactive group or at least one reactive moiety, 

wherein the et least one reactive group is selected from the group consisting of 
• 5 vinyl, allyl, hydroxy, primary amine, secondary amine, csabox^, carbonyl. nllro, 

cyano, Isothiocyanate, halogen, phosphonyl, sulphonate. sulphonyl, sulfamy], 
and thfolyl. Including any combinatton thereof, 

wherein the at least one reactive moiety Is selected from the group consisting 

10 of an activated ester, such as N-succinimidyl ester, maietmide ester, or fiuoro- 

phenol ester, such as pentafluorophenol ester; acid hallde, such as add chlo- 
lide or acid bromide; suifonyl halide, such as suifony! chloride or sulfbny) bro- 
mide; tosylate, mesylate, phtalimido, azido, an optionally polymerized substi- 
tuted or unsubstituted styrene. an optionally polymerized substituted of unsub- 

1 5 stituted acrylate, an optionally polymen'zed substituted or unsubstituted 

(meth)aQryiate« an optionally polymerized substituted or unsubstituted hy- 
dro)g(methyl(meth)aciylale; an optionally polymerized substituted or unsubsti- 
tuted acrylamide, an optionally polymerized substituted or unsubstituted ace- 
tate, an optionally polymerized substituted or urisubstltuted vinylacetate: an 

20 optionally polymerized substituted or unsubstituted vinyfether; an optionally 

polymerized substituted or unsubstituted vinylpyrroOdone. an optionally polym- 
erized substituted or unsubstituted oxirane: an optionally polymerized substi- 
tuted or unsubstituted oxetane, an optionaily polymerized substituted or unsut>- 
stHuted oxoiane; an optioneliy polymerfaied substituted or unsubstituted episi^ 

25 fide; an optionally polymerized substituted or unsubstituted thlotane; and an 

optionally polymerized substituted or unsubstituted cyclic amine, 

with the proviso that Ri to Ro are not all identical linear alkyla when Y is NRsRs 
and Z is O, and that Ri and Ra are not both ethyl Vtfhen imjR^ and NRsRo botti 
30 constitute a morphollriyl ring, 

2. The fluorescent dye compound according to claim 1 , wherein X|, Xz, X& X7, X^. 
and Xit are all IH. 

3. • The fluorescent dye compound according to dalm 1, wherein Xi, X3. Xs. X7, X9. 
35 and X11 are ail CI. 
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4. The fluorescent dye compound accotxllng to claim 1 , wher^n Xi, Xa. Xs. X7, Xa, 
and X11 are all F. 

5. The fluorescent dye compound according to any of claims 1 to 4, whanain Y is 
selected from H, CI, and F. 

5 6. The fluorescent dye compound according to claims 5. wherein Y Is H« 
7. The fluorescent dye compound according to claims 5, wherein Y la CI. 

6. The fluorescent dye compound according to daim 5, wherein Y is F. 

9. The fluorescent dye compound according to daim 8, wherein Z is O or NR10. 

10. The fluorescent dye compound according to claim Bp wherein Z is O. 
10 11, The fluorescent dye compound according to daim 8, wherefr) Z rs NR10. 

12. The fluorescent dye compound according to any of claims 1 to 4, wherein Y is 
selected from the group consisting of NRsRe. OR7, SRa. and Rg. 

13. The fluorescent dye compound accordlr^ to claim 12» wherein Y is Nf^l^ 

14. The fluorescent dye compound according to claim 13, wherein Z is O or NRio- 
15 15: The fluorescent dye compound according to claim 1 3, wherein Z is O. 

16. The fluorescent dye compound acoording to claim 1 3. wherein Z is NR10- 

17, The fluorescent dye according to daim 1$, wherein wher^n each of Ri. R2, R3, 
F^t R9. Re is a substituted or unsubstituted allcyl, or Rt and R2 together with the 
nitrogen to which they are attached form a substituted or unsubstituted hetero- 

20 cyclic, or Ra and R4 together with the nitrogen to which they are attached form a 

substituted or unsubstituted heterocydic. or R5 and Rq together with the nitrogen 
to which they are attached form a substituted or unsutisiituted heterocydlc» and 
wherein R%q is an optionally polymerKzed substituted or unsubstituted monomer 
selected from the group consisting of styrene, acrylate, <meth)acryfate. hy- 
^ 25 droxymethyl(meth)acryIate, acrylamlde. acetate, vinylacetale, vinylelher, vinyl- 

pyrrolidone. oxirane, oxetane, oxolane. episulfide. thiotane. and cyclic amine. 
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18. The fluorescent dye according to claim 16, wherein each of Ri, Ri, R3, R4, Rs, 
Ro is a substituted or unsubstituted alkyi, or Ri and R2 together with the nitrogen 

5 - to which they are attached form a substituted or unsubstrtuted heterocyclic, or 
Ra and R4 together vs^th (he nitrogen to which thay are attached form a substi- 
tuted or unsubstituted heterocyclic; or Rs and Ro together with ttie nitrogen to 
which they arc ottaohod form q oubatitutcd or unoubotituted heterooyollo, and 
wherein Rid comprises a reactive moiety selected from the group consisting of 
10 an activated ester, such as N-succinimidyl ester, maleimide ester, orfluorophe- 

nol ester, such as pentafluoropheno! ester; add hallde. such as add chloride or 
add bromide; sulfbnyl hallde. such as suifbnyl chloride or suifonyi bromide: 
tosylate, mesylate, phtalrmido, and azido. 

19. The fluorescent dye compound according to any of daims 17 and 18, wherein 
16 from 1 to 3 of Rt to Rft are substituted alkyl. 

20. The fluorescent dye according to claim 15, wherein each of Ri, R^, Ra, R4, R, ts 
a substituted or unsubstituted alkyi, or R| and Ra together with the nitrogen to 
which Ihey are attached form a substituted or unsubstituted heterocyclic or Rg 
and R4 together with the nitrogen to which they are attached fomfi a sul>strtuted 

20 or unsubstituted heterocydic. and wherein Re is an optionally polymerized sub- 

stituted or unsubstituted monomer selected from the group consisting sty- 
rene, acrylate, (meth)acrylate, hydroxymethyl(meth)acrylate. acrylamldc, ace- 
tate, vinylacetate, vinylether, vinylpyrrolidone, oxirane, oxetano, oxolane, 
episulfide, thiotane, and oyoXc amine. 

25 21. The fluorescent dye according to daim IS. wherein each of Ri, Rz. R3, R4, R5 is 
a sut)stituted or unsubstituted alkyl, or Rt and Rz together with the nitrogen to 
which they are attached form a substituted or unsubstituted heterocyclic, or Rg 
and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterot^dic, and wherein Ra comprises a reactive moiety se- 

30 iected from the group consisting of an activated ester, such as N-succinlmtdyl 

ester, maleimide ester, or fluorophenol ester, such as pentafluorophenol ester; 
add halide, such as acid diloride or acid bromide; suifonyi halide. such as sul- 
fonyl'chloride or suifonyi bromide; to^late. mesylate, phtaltmido, and azido. 
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22. The fluorescent dye compound according to any of claims 21 and 22, wherein 
from 1 to 3 of Ri to Re are substituted alkyl. 

23. The fluorescent dye according to daim 15, wherein each of Ri, Rs, Rs to a 
substituted or unsubstituted alkyi, or Ri and Bz together with the nitrogen to 

S which they are attached form a substituted or unsubstituted heterocydio, and 

wherein R4 and R« Is independentiy an optionally polymerized substituted or un- 
substituted monomer selected from the group consisting of styrene, acrylatOp 
{meth)dorytate, hydroxymethyl(meth)acfylate, acrylamide, acetate, vinylacetate, 
vinylelher, vinylpymolldone. oxirane. oxetane, oxolane. episulfide, thlotane, and 
1 0 <^clic amine, wherein ER5 and Ra can be different or the same. 

24. The fluorescent dye according to dalm 1 5, wherein each of Ri, Rj, Ra, is a 
substituted or unsubstituted allcyi, or R, and R2 together with the rdtrogen to 
which tliey are attached fonm a substituted or unsubstituted heterocydio. and 
wherein each of R4 and comprises a reactive moiety selected from the group 

15 consisting of an activated ester, such as N-succinimidyl ester, maleimtde ester, 

orfluorophenol ester, such as pentafluorophenol ester; acid haUde, such as add 
chloride or add bromide; sutfonyl hallde. such as sulfonyl chloride or sulfonyt 
bromide; tosylate, mesylate, phtallmido, and azldo» wheiein R5 and Racan be 
different or the same, # 

20 25. The fluorescent dye compound according to any of claims 23 and 24, wherein 
from 1 to 3 of Ri, R2, Ra. Rs are substituted allcyi. 

26. The fluorescent dye compound according to any of claims 23 and 24, whensin 
R5 and Re are different 

27. The fluorescent dye compound accoidlng to any of claims 23 and 24, wherein 
26 R$ and Re are the same. 

28. The fluorescent dye according to claim 15, wherein each of Ri, Rs, Rs Is a sub- 
stituted or unsubstlhited alkyl, and wherein R2, R4 and Re is independently an 
optionally polymerized substituted or unsubstituted monomer selected from the 
group consisting of styrene, acaylate, (meth}acrylate. hy- 

30 dro)^me1hyl(me1h)acrylate. acrylamide, acetate, vinylacetate. vinylether. vinyl- 
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pyrrolidone, oxirane. oxetane, oxdane, episulfide, thiotane^ and cydic amine, 
wherein Rs and Re can be different or the same. 

29. The fluorescent dye eooording to ctedm IS, wherein each of R^. R), R5 Is a sub- 
stituted or unsubstftuted alkyl. and wher^n each of R2, R4 and Re comprises a 
6 reactive moiety selected from Ih© group consisting of an activated ester, such 

as N-sucdnimldyJ ester, maleimlde ester, or fluorophenol ester, such as pen- 
tefluorophenol estei; add haBda, such as add chloride or add bromide; suffonyl 
hallda. such assulfbnyl chloride or suHbnyf bromide; tosylate. mesylate, 
phtalimido, and azido. wherein R2, R4 and Rq can be different or the same. 

1 0 30. The fhiorescent dyo compound according to any of claims 28 and 29. wherein 
from 1 to all of R,, Ra, Rs are substituted alkyl. 

31 . The fluorescent dyo compound according to any Of claims 28 and 29, wherein 
Rz. R4 and Re are different. 

32. The fluorescent dye compound according to any of claims 28 and 29, wherein 
15 Ra. R4 and Re are the same. 

33. The fluorescent dye compound accoidir^ to claim 12. wherein Y Is OR7. 

34. The fluorescent dye compound according to claim 33, wherein Z is O or NR10. 

35. The fluorescent dye compound according to claim 33. wherein Z is O. 

38. The fluorescent dye compound according to claim 33. wherein Z Is NR10. 

37. The fluorescent dye according to claim 35, wherein each of Ri, R2, 1^, i^ is a 
'substituted or unsubstftuted alkyl. or Ri and R^ together with the nitrogen to 
which Chey are attached fomi a substituted or unsubstituted heteiDcycllc. or Ra 
and R4 together with the nitrogen to wNch they are attached form a substituted 
or unsubstituted heterocycllcand wherein Rr Is an optionally polymerized sub- 
stituted or unsubstituted monomer selected from the group consisting of sty- 
rene. acrylate. (meth)acrylate, hydroxymethyl(meth}acrylate, acrylamlde, ace^ 
tate, vinylaoetata. vinylether, vinyipyrroiidorie, oxirane, ox^ne, oxolane, 
episulfide. thiotane, and cyclic amine. 



20 



25 
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38. The fluorescent dye aooording to dalm 35, wherein each of Rt* Rsr Rs. R4 Is a 
substituted or unsut)stituted alKyl or Ri and Ra together with the nitrogen to 
which they are attached form a substituted or unsubstituted heterocyclic, or Rs 
and Ri together with the nitrogen to which they are attached form a substituted 
5 or unsubstituted heterocydtcand v^rein R7 comprises a reactive moiety se- 

lected from the group conseting of an activated ester, such as N-euccinimldyl 
ester, malelmlde ester, or fiuorophenol ester» such as pentafluorophenol ester; 
acid holidc, ouch qs aoid chloride or acid bromide; euSfonyl haiide, such as eui- 
fonyl chloride or sulfonyl bromide; tosylate, mesylate. phtalimido» and azido. 

10 39. The fluorescent dye compound according to any of claims 37 and 38, wherdn 
from 1 to 3 of Ri. R2. R3. R4 are substituted allcyL 

40. The fluorescent dye according to daim 36, wherein each of Ri, R?, R31 R4 is a 
substituted or unsubstituted alkyi, or Ri and R^ togeOier with the nHrogen to 
which they are attached fomi a substituted or unsubstituted heterocyclic, or 

1 6 and R4 together with the nitrogen to which they are attached form a substituted 

or unsubstituted hetBrocycliG«and wherein R7 and Rio is independently an op- 
tionally polymerized substituted or unsubstituted monomer selected from the 
group consisting of styrene. aciylate. {m6th)acry]ate. hy- 
droxymethyl(meth)aciylate. acrylamide. acetate, vinylacetate, vinyietherr vinyl- 

20 pyrrolidone, oxirane. oxetane, oxoIane» episulfide, thiotane. and cycTic amine, 

wherein R7 and Rio can be different or the same. 

41 . The fluorescent dye according to claim 36, wherein each of Ri. I^p R3, 1^ is a 
substituted or unsubstituted alkyt. or R^ and R^ together with the nitrogen to 
which they are attached fomri a substituted or unsubstituted heterocyclic, or R3 

25 and R4 together with the nitnsgen to which they are attached form a substituted 

or unsubstituted h6terocycnc,and wherein each of R7 and Rio comprises a reac- 
tive mole^ selected from the group consisting of an activated ester, such as N- 
succinimldyl ester, maieimlde ester, or fiuorophenol ester, such as pentafluoro- 
phenol esten add haltde, such as acid chloride or acid bromide; sulfonyj lialide, 

30 such as sulfonyl chloride or sulfonyl bromide; tbsylate, mesylate, phtafimldo, 

and azido. wherein R? and R^o can be different or the same. 

42. The fluorescent dye compound according to any of claims 40 and 41 ,• wherein 
from 1 to 3 of Ri, R2, R3, R4 are substituted alkyl. 
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43. The fluorescent dye compound according to any of claims 41 and 42. wherein 
Rr and Rio are diffsrent. 

44. The fluorescent dye compound according to any of claims 41 and 42, wherein 
Rr and Rio are the same. 

5 45. The fluorescent dye compound according to claim 12, wherein Y Is SRa. 

4B. The flunrBSRivit dya mmpniinri nrsmnrtino to ctelm 45. whftmin 7 te O or JSlR^o 

47. The fluorescent dye compound according to cl^m 45. wherein Z Is O. 

48. The fluorescent dye compound according to claim 45, wherein 2 is NRio- 

49. The fluorescent dye according to claim 47, wherein each of Ri, R2, R3, R4 is a 
10 substituted or unsubstiluted a^kyl, or Ri and Rg together with the nrtrogen to 

which they are attached fom^ a substituted or unsubstituted heterocyclic, or Ra 
and R4 together with the nitrogen to whidh they are attached form a substituted 
or unsubstituted heterocyclic,and wherein Rs Is an cptlonalJy polymeilzed suth 
stituted or unsubstituted monomer selected from the group consisting of sty^ 
16 rene, acrylate, (mBth)aciylate, hydroxymBthyi{meth)acrylate. acrylamlde, ace- 

tate, vtnylacetate, vinylether, vinylpyrrolidone, oxfrane, oxe1ane» oxolane, 
episuiflde, thiotane, and cyclic amine. 

50. The fluorescent dye according to claim 47, wherein each of Ri. R2, ^s. R4 Is a 
substituted or unsubstituted alkyi, or Ri and Ra together vwlh the nitrogen to 

20 which they are attached form a substituted or unsut)stituted heterocyclic, or R3 

and Ri together with the nitrogen to which they are attached lorm a substitutod 
or unsubstituted heterDcycUc.and wherein Re comprises a reactive moiety se- 
lected firom the group consisting of an activatBd ester, such as N-*succinrmrdy] 
ester, malelmlde ester, or fluorophenol ester, such as pentafluorophenol ester: 

25 acid haltde, such as add chloride or acid bromide; sulfonyl hallde, such as sul- 

fonyl cWorlde or sulfonyl bromide; tosylate, mesylate. phtalimldo» and azido. 

51. The fluorescent dye compound according to any of dalms 49 and 50. wherein 
from 1 to 3 of Ri. R2, 1%, are sutistituted alkyL 

52. The fluorescent dye according to claim 48, wherein each of R|, Ra, R4 is a 
« 30 substituted or unsubstituted alkyl. or Ri and Rz together with the nitrogen to 
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Which they are attached fbmn a subsHtutad or unsuhsHtuted h^erocydlc, or R3 
and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstftuted heterocydicand wherein Re and R10 is indapendenUy an op- 
tionally polymerized substituted or unsubstituted monomer selected from the 
5 group consisting of styrene. aciylate. (meth)aciylate, hy- 

dr{»cymothyl(meth)acryIatB, acrylamide, acetate, ^dnylacetate, vfnylether, vinyl- 
pyrroBdone, oxirane. o»&tane, oxolano, epfeulfide. fhfotane, and cyclic amine, 
wlittitdn Hb and Rio can tie diflerent orthe same. 

53. The nuoiescent dye according to claim 48. wherein each of Ri, Ra, F?a, Is a 
1 0 substituted or unsubstitutad alkyl. or Ri and Ra together wWi the nitrogen to 

which they are attached fonn a eubstiiuled or unsubstltuted heterocyclic, or Ra 
and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstltuted heterocydicand wherein each of Re and Rio comprises a reac- 
tive motety selected from the group consisting of an activated ester, such as N- 
15 sucdnlmidyl ester, malefrnide ester, or fluorophenol ester, such as pentatluoro- 

phenol ester; add tialide, such as acid chloride or acid bromide; eulfbnyl haHde. 
such ad sulfonyl chloride or sulfon^ bromide; tosylate. mesylate, phtanmklo. 
and azido. wherein Rs and Rto can be different or the same. 

54. The fluorescent dye compound according to any of claims 52 and 53. wherein 
20 from 1 to 3 of Ri, R2. 1^. R4 are substituted rfkyl. 

65. The fluorescent dye compound according to any of claims 52 and 53» wherein 
and Rio are different. 

56. The fluorescent dye compound according to any of claims 52 and 63. wherein 
Ro and Rio are the same. 

25 57. The fluorescent dye compound according to daim 1 2. wherein Y Is i^ta. 

5B. The fluorescent dye compound accoreiing to daim 57, wherein Z is O or NR10- 

69. The fluorescent dye compound acconjing to claim 57, wherein Z Is O. 

60. The fluorescent dye compound according to daim 57. wherein Z is NR10- 

61 . The fluorescent dye according to claim 59, wherein each of Ri, R^t Rsi R4 la a 
• 30 substituted or unsubstltuted aikyl. or R» and 1^ together with the nitrogen to 
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which they are attached form a subsHtuted or unsubsfituted heterocyclic, or R3 
and R4 together with the nitrogen to which they are attached fonn a substituted 
or unsubstltuted heterocycIlc,and wherein Rb Is an optionally polymerized sub- 
stituted or unsubstltuted monomer selected from the group consisting of sty- 
5 rene, acrylate. (meth}acrylate, t^roxymethyl(meth)acrylate, aoylamlde. ace- 

tate, vinylaoetate, vinylether, ^nylpynoUdone, oxirane. oxetane, oxolane, 
episulfide, thiotane, and <^lic amine. 

62. The fluorescent dye according to dam 59. wherein eadi df Ri, R3, Ra, R4 Is a 
substituted or unsubstltuted aOcyl* or Ri and togettter with the nitrogen to 

10 which they are attached fomn a substituted or unsubstitutad heterocyclic, or Ra 

.and R4 together with the nitrogen to which they ane attached fomri a sut>8tituted 
or unsubstltuted heterocyclicand wherein Rg comprises a reactive moiety se- 
lected from the group consisting of an activated ester, such as N-succlnimldyl 
ester, maleimlde ester, or fluorophend ester, such as pentafluorophenol ester; 

15 add hallde, such as acid chloride or add bromide; sulfionyl halide, such as sul- 

fonyi chloride or sulfonyl bnamide; tosylate, mesylate, phtalimido. and aado. 

63. The fluorescent dye compound according to any of claims 61 and 62, wtierein 
from 1 to3of Ri. R2, Ra. R4 are substituted alkyl. 

64. The fluorescent dye according to claim 60, wherein each of Ri, Rs, Rg, R4 is a 
20 substituted or unsubstltuted alkyl. or Ri and R^ together with the nRrogen to 

which they ara attached fonn a substituted or unsubstltuted heterocydic, or Rj 
and Rd together wtth the nitrogen to which they are attached fbrm a substituted 
or unsubstltuted heterocyclicand wherein R^ and Rio Is Independently an op- 
tionally polymerized substituted or unsubstltuted mono/ner selected from the 
25 group consisting of styrene, acrylate. (meth)acrylate, hy- 

droxymethyl(math)acrylate, acrylamide, acetate, vinylacetate, vinylether, vinyl- 
pyrrolidor^, osdrane, oxetane, oxolane, episutfide, thiotane, and cydic amine, 
wherein Rb and Ria can be different or the same. 

65. The fluorescent dye according to claim 60, wherein each of Ri, R2» Rat R4 is a 
30 . substituted or unsubstituted akyi, or Ri and R2 together with the nitrogen to 

v^ilch they are attached tbrm a substituted or unsubstituted heterocydlc, or Ra 
• and Ra together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocydic,and wherein each of Rd and Rio comprises a reao- 
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live moiety selected frota the group consisting of an activated ester, such as N* 
succinlmldyl ester« malelmide ester, orfluorophenol ester, eudi as pentafluoro- 
phenol' ester; acid halide, such as acid chloride or add bromide; sutfonyl hallde, 
such as suKbnyl chloride orsulfonyl bromide; tosylate. mesylale, phtallmldb, 
5 and azido. wherein R9 and Rto can be dcfierent or the same. 

66. The fluorescent dye compound according to any of claims 64 and 65, wherein 
from 1 to 3 of Ri. Ra. R,, R4 are substituted alkyl. 

67. The fluorescent dye compound according to any of claims 64 and 65, wherefri 
Ro and Rio are diffiarent 

1 0 68. The fluorescent dye compound according to any of dalim 64 and 65, wherein 
R9 and Rio are the same. 

69. The fluorescent dye according to any of claims 1 to 60. wherein the alKyl Is a 
lower alkyl. 

70. A fluorescent dye compound comprising the structune 




wherein Xi, Xa, Xs* X7. X9, and Xn are Independently H» CI or F; 

wherein Y Is selected from the group consisting of H, CI. F. NRsRe, OR7, SRa, 
and Ro: 
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wherein Z te O or NRid, and 

wherein substituents Ri to Rio are preferably selected independently from the 
group consisting of: 

5 hydrido. 

substituted and unsubstituted alkyl, substituted and unsubstituted haloalfcyi, 
substituted and unsubslftuted hydroxyalkyi, substituted and unsubstituted al- 
kylsulfonyl. 

10 

substituted and un8ut}stltuted alkenyl, 
halo, 

16 substituted and unsubstituted alKO)^. substituted and unsubstttuted allcoxyallcyl, 

substituted and unsubstituted haloalko;^, substituted and unsubstituted halo- 
alkoxyalkyl. 



20 



substttutad and unsubstiluted aryl, 
* substituted and unsubstituted heterocyclic^ 
substituted and unsubstituted heteroaryl. 

25 sulfonyl, substituted and unsubstituted alkylsuifonyl, substituted and unsubsti- 

tuted aryfsuironyU sulfamyl, suifonamldyl, aminosulfonyl, sutsstituted and un* 
substituted N-^kylamlnosuHbnyl, substituted and unsubstituted N- 
aryfaminosulfony], substituted and unsubstituted N.N-dialkylaminosulfonyl, 
substituted and unsubstituted N-aiky]-N-arylanrtinosulfonyl, substituted and un- 

30 substituted N-aikylamlnosulfonyl, substituted and unsubstituted N.IM- 

dialkylaminosulfonyl, substituted and unsubstituted N-aiylaminosulfonyl, sub- 
' stituted and unsubstituted N-alkyi-N-arylaminosulforiyl, 



carboxy. sut>sfitutBd and unsubstituted carboxyallcyl. 



3g 
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carbonyl, substituted and unsubstituted alkylearhonyl, substituted and uiisub- 
stituted alkylcartxmylalkyi, 

substituted and unsubstituted alkoxycarbonyl, substituted and unsubstituted 
5 alkoxycarbonylatkyi, 

amlnocarboivl. subsfituted and unsubstituted aminocaibonytalkyi, substituted 
and unsubstituted N alkylaminocaTbonyl, substituted end unsubstituted N- 
arylaminocarlwnyl. substituted and unsubstituted N.N-dialkylam!nocarbonyl. 

10 substituted and unsubstituted N-alkyl-N-arylaminocarbonyl, substituted and un- 

substituted N-aBcyl-N-hydToxyaTrinocarbonyl, substituted and unsubstituted N- 
alkyl-N-hydn»vamInocai)oiiyIalkyl, substituted and unsubstituted N- 
alkylamlnocarbonyl, substituted and unsubstituted N,N-dlalkylaminocarbonyl, 
substituted and unsubstituted N-aryJamlnocarfaonyl, substituted and unsubsti- 

15 tuted N-alkyl-N-arylamlnocarbonyl. subsUtuted and unsubstttuted amlnocar- 

bonylalkyl, substituted and unsubstituted N-cycloalkylamlnocarbonyl, 

substituted and unsubstituted aminoalkyl. substituted and unsubstituted al- 
kylamino^kyl, 

20 

amklino, 
cyanoamidino. 

25 substituted and unsubstituted heterocydlcalkyl. 

substituted and unsubstituted aralkyi, 
substituted and unsubstituted cydoalkyl. 

30 

substituted and unsubstituted cycloalkenyl. 
substituted and unsubstituted alkyltl^o, 
36 substituted and unsut>stliuted alkylsutflnyl, 
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substituted and unsubsUtuted N-alkyiamIno, sutistltufcdd and unsubstituted N,N- 
dlalkylamino, 

5 substituted and unsubstltuted arylamlno, substituted and unsubstiluted aral- 

kylamirio. substituted and unsubsBtuted N-alkyl-N-afylamlno, substituted end 
unsubstituted N-arelkyl-N-alkylamino, substituted and unsubsfituted 
arylamlnualkyl, sub«»Uluted and unsubstituted N-aralkyiamlnoaikyU suballtuted 
and unsubstituted N-«lkyl-N^rylamlnoalkyI. substituted and unsubstituted N- 

1 0 aralkyl-N-alky1am!noalKyl, 

acyt» acylamino, 

substituted and unsubstituted arylthio, substituted and unsubstituted aral- 
15 kylthto. 

substituted and unsubstituted arylos^, substituted and unsubstituted aralko^gr. 
substituted and unsubstituted haioanalKyl. 
substituted and unsubstituted carboxyhaloalkyi, 



20 



substituted and unsubstituted alkoxycarbonylhaloalicyl. substituted and unsub- 
stituted amlnocarbonylhaloalkyl, substituted and unsubstituted alkylaminocar- 
25 bonylbaloalkyf, 

substituted and unsubstituted aikoxycarbonylcyanoalkenyip 

substituted and unsubstituted carboxyalkylamlnocarbonyl. 

30 

substituted and unsubstituted araikoxycarbonylaikylaminooartsonyl, 
substitutedand unsubstituted cycloalkylalkyl, and 
' 35 substituted and unsubstituted araikenyl, 
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wherein at least one af said substftuente R1 to R10 comprises 

a) one or more reactive groups selected from the group consisting of vinyl, allyl, 
5 hydroxy, primary amine, secondary amine, carboxy, cartonyl, nltro, cyano. feo- • 

Ihiocyanate, halogeOr phosphonyi, sulphonate. sulphonyi. sutfamyl, and titioiyl. 
or 

one or mora reactive motelles selected from the group consisting of an acti- 
vated ester, such as N-succinimldyl ester, mafeimlde ester, or fluorophenol es- 
ter, including pentafluorophenol ester; acid halide, such as acid chionde or acid 
bromide; sulfonyl halide, such as sulfonyl chiorld© or sulfonyl bromide: tosylate, 
mesylate, phtafimido, azido. an optionally polymerized substituted or unsubsti- 
tuted styrene, an optionally polymerized substituted or unsubstituted acrylate. 
an optionally polymerized substituted or unsubstituted (meth)aCTylate, an op- 
tionally polymerized substituted or unsubstituted hydroxymethyKmeth>acryIate; 
an optionally polymerized substituted or unsubstituted aciylamide, an optionally 
polymerized substituted or unsubsBtuted acetate, an optionally polymerized 
substituted or unsubstitited vinylacetate; an <^tlonally polymerized substituted 
or unsObstituted vlnylethen an optionally polymerized substituted or unsubsti- 
tuted vinylpyn-olldone. an optionally polymerized substituted or unsubstituted 
oxirane; an optionally polymerized substituted or unsubstituted oxetane. an op- 
tionally polymerized substituted or unsubstituted oxolane; an optionally polym- 
erized substituted or unsubstituted episulfide; an optionally polymerized substi- 
tuted or unsubstituted thiotane; and an optionally polymerized substituted or un- 
substituted cycfic amine, 

wfth the proviso that Ri to Ru are not all Identical linear alkyls when Y Is NI^Ra 
and Z is O. and ttiat Ri and R2 are not botii ethyl when NR3R4 and NRsRe both 
constitute a morphoKnyl ring. 

71 . The fluorescent dye compound according to dalm 70, wherein Xi, X3. Xs, X?, Xo, 
and X11 are ali H. 

72. The fluorescent dye compound according to claim 70, wherein Xi, Xs, X5, X7. Xa. 
' 35 and X11 are aB CI. 



b) 

10 



15 



20 



25 
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73. The fluorescent dyo compound according to dalm 70, wherein Xi, X3. X9, Xr. Xg, 
and Xti are an F. 

74. The fluorescent dye compound according to any of claims 70 to 73, wherein Y 
is selected from H, CI. and F. 

5 75. The fluorescent dye compound according to claims 74» wherein Y Is H. 

76. The fluoroecont dye compound according to daims 74, wherein Y 1a CI. 

77. The fluorescent dye cK>mpound according to dalm 74. wherein Y is F. 

78. The fluorescent dye compound according to any of claims 70 to 73, wherein Y 
is selected from the group consisting of NIRgRa, OR7, SRe, and R^- 

1 0 79. The fluorescent dye compound according to daim 78, wherein Y is NRsRe* 

60. The fluorescent dye compound according to claim 78, wherein Y Is OR7. 

61. The fluorescent dye compound according to claim 78. wherein Y is SRe. 
8Z The fluorescent dye compound according to dalm 78. wherein Y is R9. 

83- The fluorescent dyo compound according to claim 78, wherein Y comprises a 
1 5 reacflva group capable of undergoing polymerization. 

84- The fluorescent dyo compound acoording to claim 83. wherein the reactive 
group is selected irom the group consisting of vinyl, acryfate. methacryiate, ao- 
rylamlde. methyl cocethanop ethyl oxethane. and ethylene oxide. 

85. The fluorescent dye compound according to daim 78. wherein Y » a linker ca- 
20 pabie of iinl(hng the dye compound to a polymer matrbc 

86. The fluorescent dye compound acoording to any of claims 78 and 85, wherein Y 
is selected from the group consisting of carboxylic add, benzyilc acid, N- 
succlnlmidyl ester, acid chloride, pentafluorophenol ester, tosylate, mesylate, 
hallde, primary amine, suifonyi chloride, isoihiocyanate, nialeimlde, and thiol. 



87. The fluorescent dye compound according to any of daims 74 to 86, wherein Z is 
OorNRto. 
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88. The fluorescent dye compound according to claim 87, wherein Z is O. 

89. The fluorescent dye compound according to claim 87. wherein Z Is NRto- 

90. The fluorescent dye compound according to any of claims 74 to 89, wherein Ri 
to Rio are independently 

5 hydrido. 

substituted and unsubstituted alkyl. substituted and unsubstltuted haloalkyi, 
subsiliuted and unsubstituted hydroxyallcyl, substituted and unsubstituted alkyl- 
sulfonyi. 

10 

substituted and unsubstituted alkenyl. 
haio, 



1 6 substituted and unsubstituted alko)Qr, substituted and unsubstituted alkoxyallcyi. 

substituted and unsubstituted haloaDco)^. substituted and unsubstituted halo- 
alkoxyalkyi, 



20 



substituted and unsubstituted aryl, 
substituted and unsubstituted heterocyclic. 



substituted and unsubstituted heteroaryl, 

25 Bulfonyl. sul>stituted and unsubstituted alkylsuffonyl, substituted and unsubsti- 

tuted arylsulfonyl, sulfamyl, sulfonamidyl, aminosulfonyl, substituted and unsub- 
stituted N-alkyiaminosutfonyl, substituted and unsubslituted 
arylaminosulfonyl, substituted and unsubstituted N,N-diaikyiam1nosuifonyi. sub- 
stituted and unsubstituted N-aHcyl-N-arylamfnosuIfonyl. substituted and unsub- 

30 stituted N-alkylaminosulfonyl, substituted and unsubstituted N,N- 

dlalkylaminosulfonyl. substituted and unsubstituted N-aryiamlnosulfbnyl, sub- 
stituted and unsubstituted N-dlkyt-N-arylaminosulfonyl, 



r 
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carboxy, substituted and tinsubstituted carboxyalkyl, 

carbony!. substituted and unsubstituted alkylcarbonyl, substituted and unsub- 
stituted attcylcarbonylalkyl. 

5 

substituted and unsubstituted alkoxycarbonyl, substituted and unsubstituted 
allcoxycarbonylallcyl. 

aminocarbonyl. substituted and unsubstituted aminocarbonylalkyl, substituted 
1 0 and unsubstituted N-alkylamlnocarbonyl, substituted and unsubstituted N- 

arylaminocarbonyl, substituted and unsubstituted N,N-dtallcytairtnocarbonyl, 
substituted and unsubstituted isl-aDcyl-N-arylaminocarbonyl, substituted and un- 
substituted N-alkyl-N-hydroxyaminocarbonyl. substituted and unsubstituted N- 
allcyl-N-hydroxyamlnocarbonylalky!, subsUtuted and unsubstituted M- 
1S alkylaminocarbonyl, substituted and unsubstituted N,N-d]arKylaminocarbony!. 

substituted and unsubstituted N-arylamlnocarbonyl. substituted and unsubsti- 
tuted N-alkyl-N-arylaminocarbonyl, substituted and unsubstituted amingcar- 
bonylalkyl. substituted and unsubstituted N-<^1oalkylamlnocarbonyl, 

20 substituted and unsubstituted aminoalkyl. substituted and unsubstituted alkyla- 

mlnoalkyl, 

amidino, 

25 cyanoamidinop 

substituted and unsubstituted heterocycHcalkyl, 

substituted and unsubstituted aralkyl. 

30 

substituted and unsubstituted cydoalkyl, 
substituted and unsubstituted cycloalkenyl, 
35 substituted and unsubstituted elkylthio, 
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substituted and unsubstituted alkylsumnyl. 

substftuted and unsubstituted N-a«cylamlno. substituted and unsubstituted N.N- 
5 dialkylamino, 

substituted and unsubstituted arylamho, substituted and unsubstituted aral- 
icylantino, substituted and unsubstituted N^lkyl*N-aiylamIno. substituted and 
unsubstituted N-aralkyl-N-alkylamlno. substituted and unsubstituted N- 
10 arylamlnoalkyi, substituted and unsubstituted K-^ralkylaminoalkyl, substituted 

and unsubstituted rO-alkyl-N-aiylamlnoalkyl, substituted and unsubstituted N- 
sralkyl-N-alkylamlnoalkyl, 



15 



acyl, acylamino, 

substituted and unsubstituted arylthio, substituted and unsubstituted aralkylthio, 
substituted and unsubstituted aryloxy. substituted and unsubstituted aralkoxy, 
20 substituted and unsubstituted haloaralkyi, 

substituted and unsubstituted carboxytialoaUcyl, 

substituted and unsubstituted alkoxycarbonylhaloalkyl, substituted and unsub- 
25 sUtuted aminocarbonylteloalkyi, substituted and unsubstituted alkyiamlnocar- 

bonylhaloalkyf, 

substituted and unsubstituted alkoxycarbonylcyanoalkenyi, 
30 substituted and unsubstituted carboxyalkylamlnocarbonyl. 

substituted and unsubstituted aralkoxycarbonyiallcyiaminocarbonyl. 



substituted and unsubstituted cycloalkylalkyl. or 

35 " 
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substituted and unsubsUtuted aralkenyl. 

91. Method for producing a polymer matrix comprising a fluorescent dya. said 
method comprising the steps of providing a monomer or a polymer matrix .and 

5 reacting the fluorescent dye compound according to any of daf ms 1 to 90, or a 

precursor thereof, with the monomer or polymer matrix, and optionally reading 
the fluorescent dye compound precursor to otitaln the fluorescent dye com- 
puund, and further optiona]ly polymeri2ilng the monomers to obtain a polymer 
matrix. 

10 

92. Use of the fluorescent dye compound according to any of claims 1 to 90 for 
visualising a beaded polymer matrix. 

93. Use of the fluorescent dye compound according to any of claims 1 to 90 in the 
15 synthesis of a beaded polymer matrix. 

94. An encoded beaded or granulated polymer matrix for solid phase synthesis 
comprising beads or granules eadi comprising a plurality of spatially immobi- 
lised particles or vacuoles, wherein each particle or vacuole comprises at least 

20 one fiuoiescent dye compound acconJIng to any of claims 1 to 90, wherein each 

particle or vacuole is individually detectable. 
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